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PREFACE 


It is rightly said that “Change is the only constant.” In the past few months, the world has changed 





drastically and adapting to these changes is vital for our progress. These are unprecedented times which 
have called for unprecedented measures. School is being conducted online and classrooms have shifted to 
computer screens. 


To ensure that real learning doesn’t stop even in this age of virtual classrooms; Oswaal Books has 
updated all its products for 2021 examinations. We have upgraded our books to supplement students’ 
need for extensive practice and in-depth understanding of their subjects. Our Question Banks have been 
redesigned keeping in mind the new & reduced syllabus and new challenges that the students are facing 
today. 


Latest Typologies of Questions like Multiple Choice Questions, Tabular based Questions, Passage based 
Questions, Picture based Questions, Fill in the Blanks, Match the Following, etc. have been exclusively 
developed by the Oswaal Editorial Board and included in our Question Banks. All chapters in Oswaal 
Question Banks are arranged “TOPICWISE’ where each topic is explained in detail and covers all typologies 
of Questions specified by CBSE along with well-labelled and high-quality figures/diagrams for faster 
learning. Answers from CBSE Marking scheme are highlighted in order to specify the correct method of 
answering questions for attaining maximum marks. 


While everything is changing, one thing remains the same — our commitment to helping students learn 
by training their minds to think. At Oswaal Books, the focus is always on providing knowledge; getting 
good marks is the certain by-product. 


Some of the key benefits of studying from Oswaal Question Banks are: 
1. Chapter-wise/ Topic-wise presentation for systematic and methodical study. 


2. Strictly based on the Reduced CBSE Curriculum issued on 7th July 2020 (CBSE Cir. No. Acad-47/2020) 
for Academic Year 2020-2021, following the latest NCERT Textbook and Exemplar. 


Previous Years’ Question Papers with Marking Scheme & Toppers’ Answers for exam-oriented study 


= 


Remembering, Understanding, Application, Analysing & Evaluation and Creation based Question 
based on Bloom’s Taxonomy for cognitive skills development. 


Latest Typologies of Questions developed by Oswaal Editorial Board included. 
Mind Maps in each chapter for making learning simple. 


‘Most likely Questions’ generated by Oswaal Editorial Board with 100+ years of teaching experience. 


2S 


Suggested videos at the end of each chapter for a Hybrid Learning Experience. 


We would like to offer heartfelt gratitude to the amazing people who have helped us in developing this 
book — our authors, editors, reviewers, and specially students, who regularly send us suggestions which 
helped in further improvement of this book. 


At Oswaal Books, we believe that the question of quality education shouldn't stay unanswered. 
Wishing you all Happy Learning and a successful 2020-21! 


-Team Oswaal 
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Dear Oswaal Friends, | am very 
thankful for your books as they 
helped me a lot in my studies. It's 
really incredible how Oswaal Books 
aids in memorising with interesting 
concepts like Mind Maps, Chapter- 
wise and Topicwise presentations. 
Oswaal Books is surely an easy 
approach to excellence. Thanks, 
Oswaal! 
Kk kkk 


Anurav Amlan 





lam very happy that I opt for Oswaal 
Books and got good marks (98.7) in 
11" standard. | would like to thank 
you and all the team member whose 
hard work always proves to be a 
Genie for student's achievement in 


academics. 
kk KK 
Muhammad Thajuddeen, 
Student, 
Snehapuram, Karanthur 





I love Oswaal books as they have 

helped me in improving my 

performance in academics. The 

previous year papers and other 

exam tools in Oswaal Books are very 

handy and useful. Keep it up team 

Oswaal Books!. 

Kk kkk 

Atluri Vibhaas, Student, 

Meridian School, 

Madhapur, Hyderabad 


© OSWAAL BOOKS 


REARING MAPE SIMPLE 





I am following OSWAAL SAMPLE 
PAPERS of Physics for classes 11" and 
12". Oswaal Books have excellent 
presentation, sublime concepts 
of teaching and an apt approach to 
exam-oriented pattern. | want to 
congratulate your team members for 
exceptional work. 
K Kk x K * 
Manjeet Yadav, Lecturer 
Suraj School, Kosli 





I have bought all the latest Oswaal 
material from Amazon and have done 
a good check on all your inspirational 
articles and other updates. l have also 
watched all concept videos on your 
website and l really appreciate Maths 
and Science concept videos as they are 
very informative and interactive.l am 
overwhelmed by the overall quality of 
the book and thank the team for such 
wonderful books. 
* k k k * 
Ayushi, 
Student 
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I am following Oswaal Question 
Banks and they helped me a lot in 
scoring good marks. | have always 
preferred them over other 
publications. Preparing such 
excellent books is a mammoth task 
and Oswaal always outshines in this. 
| thank Oswaal Team for tirelessly 
working towards publishing such 
efficacious books. KEEP UP THE 
GOOD WORK! Best wishes. 
Kk kkk 


Arkadyute Nath, Student, 
Don Bosco School, 
Agartala 

(6) 





I am a teacher at Basant Valley 
Global School. Oswaal Books 
provide remarkable content with 
student friendly material. It has 
smashing effect on students 
because of easy learning approach 
Kk x K * 
Anuradha Mukherjee, Teacher 
Basant Valley Global School 
Haryana 





I feel delighted to say that Books of 
your publication are very beneficial 
for our students as well as teachers. 
Method of explanation which has 
been used in books is very simple for 
student's understanding. After 
using your books our school 
students' learning capacity to solve 
the mathematical question is 
rapidly increasing. | would like to say 
that these are the best books in the 
education sector for academics | 
have ever seen. I wish Oswaal Books 
reaches new heights in the 
education sector. 
* K K x * 
M.K. Singhal, Principal, 
Skywings International School 
Bhadra, Rajasthan 





I am deeply contended with the 
quality of Oswaal Books. | have 
purchased your books for the first 
time and really amazed with it. Mind 
maps, key notes, tips and everything 
is great. 
kk kkk 
Akanksha Sinha, Student, 
Hazaribagh, Jharkhand 
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Scan the QR Code to download the fully [s] 
Board Solved Paper 2020 Chemistry [s] 


LOOK OUT FOR 'HIGHLY LIKELY QUESTIONS' 





- 209 


- 237 


- 259 


- 280 


- 300 
- 309 


- 332 


- 351 


Q0 


These questions are selected by Oswaal Books Proprietary Artificial Intelligence Algorithm. They are highly 


likely to be asked in the upcoming examinations. 
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CBSE-Acad/Circular/2020 Date: 07 July, 2020 
Circular No: Acad 47/2020 
All Heads of Institutions affiliated to CBSE 


Subject: Revised Academic Curriculum for the session 2020-21 


The prevailing health emergency in the country and at different parts of the world as well as the 
efforts to contain the spread of Covid-19 pandemic has resulted in loss of class room teaching due 
to closure of schools. Therefore the Board has decided to revise the syllabi for classes IX-XII for the 
academic session 2020-21. The changes made in the syllabi have been finalised by the respective Course 
Committees with the approval of the Curriculum Committee and Governing Body of the Board. 


The revision of syllabi is a measure taken due to the extraordinary situation prevailing in the country 
and at different parts of the world. Considering the importance of achieving the level of learning, the 
syllabus has been rationalised to the extent possible by retaining the core concepts. 


The Heads of Schools and Teachers may ensure that the topics that have been reduced are also 
explained to the students to the extent required to connect different topics. However the reduced 
syllabus will not be part of the topics for Internal Assessment and year-end Board Examination. 
Alternative Academic Calendar and inputs from the NCERT on transacting the curriculum using 
different strategies may also be part of the teaching pedagogy. 


For Elementary Classes (I-VIII) schools may follow the Alternative Academic Calendar and Learning 
Outcomes specified by NCERT. 


The revised syllabi are available at the link: http://cbseacademic.nic.inRevisedcurriculum_2021.html 


(Dr. Joseph Emmanuel) 
Director (Academics) 
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CENTRAL BOARD OF SECONDARY EDUCATION a 





F.No.CBSE/DIR(ACAD.)/2020 March 16, 2020 


Circular No. Acad-18/2020 
All Heads CBSE affiliated schools 


Subject: Strengthening Assessment and Evaluation Practices of the Board 


Competency Based Education (CBE) is an outcome based approach to schooling, where 
attainment of goals takes priority. Learning Outcomes (LOs) are defined in terms of 
competencies and capacities, which students acquire and demonstrate at the end of 
instructional programme. In CBE, explicitly defined learning outcomes guide instruction; 
instruction is more flexible, learner centric, learner-led and provides multiple opportunities 
for learning; and assessment is authentic and examines if the students are able to apply 
required concepts in real life situations. 


The Board vide Circular No. Acad-05/2019 dated 18.01.2019 has adopted Learning Outcomes 
developed by NCERT and the theme of the Capacity Building Programmes for the year 2020 
is Competency Based Education. Augmenting the thrust towards CBE, the Board is initiating 
corresponding changes in the Examination and Assessment practices for the year 2020-21 
onwards. 


While the overall marks and duration of examination shall remain same, change in the 
composition of assessment tasks would help us achieve the desired ends. 


The changes for classes IX-XII (2020-21) year-end/Board Examination are as under: 
Classes XI-XII 


(2019-20) (2020-21) 
Existing Modified 


Year-end 
Examination /Board 


Examination (Theory) 


Composition Objective type Questions includ- Objective type including 


ing Multiple Choice Questions Multiple Choice Questions- 

Short Answer type/Long Answer 20% 

type Questions Case-based/ Source-based 
Integrated Questions- 10% 
Short Answer/Long Answer 
type questions- Remaining 





Curriculum document for the Academic Session 2020-21 to be released in March, 2020 will reflect the 
respective changes for the individual subjects. 


—aa 


(Dr. Joseph Emmanuel) 


Director (Academics) 
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CENTRAL BOARD OF SECONDARY EDUCATION « YEARS OF aa f 


THE MAHATMA 


F1001/CBSE-Acad/Curriculum/2020 March 31, 2020 
Cir No Acad-21/2020 
All Heads of Institutions affiliated to CBSE 


Subject : CBSE - Secondary and Senior School Curriculum 2020-21 


1. The curriculum refers to the lessons and academic content to be taught to a learner in the school. It 
encompasses general objectives of learning, courses of study, subject- wise instructional objectives 
and content, pedagogical practices and assessment guidelines. 


2. The curriculum provided by CBSE seeks to provide opportunities for students to achieve excellence 
in learning based on the National Curriculum Framework-2005 and are adopted/ adapted from the 
NCERT Curriculum. 


3. Itis important that schools ensure curriculum transaction as per directions given in the Curriculum 
document. The subjects to be taught must be as per syllabi given. Before going through the syllabus, 
the teachers must be well-versed with the strategies given in the initial pages of the curriculum. 
Therefore, it is desired that the head of the school may circulate the initial pages of the curriculum 
and the syllabi to all the teachers and ensure that curriculum is transacted as per the directions 
given therewith for optimal learning and specifically to avoid difficulties for students at the time 
of the examinations. 


4. Itis reiterated that any deviation in transaction of the curriculum may seriously affect assessment 
of the student’s learning level and the preparation for the Board examinations. Please note that 
the Evaluation will be carried out exactly according to the syllabi given for the current academic 
year. Sample Question Papers with detailed design of the Question Paper will be made available 
on CBSE website during the progress of the academic session for reference. 

5. Please refer to Circular No. Acad /18 dated March 16, 2020 on strengthening the Assessment and 
Evaluation Practices of the Board to know about the proposed changes. Hence, all the teachers and 
students are cognizant of the Curriculum Document (Initial Pages and Syllabus) in totality, which 
is available on www.cbseacademic.nic.in. 

6. The Board will consider possible loss of instructional time in the academic session 2020-21 due 
to the closure of schools to prevent spread of COVID-19 as per directions from the Central 
Government and various State/UT Governments. Revision if any required in the syllabi and 
course and the pattern of Examination of various subjects on account of the above will be chalked 
out in consultation with the Course Committees of each subject as well as with the Examination 
Committee of the Board and notified in due course of time. 


— 


(Dr. Joseph Emmanuel) 


Director (Academics) 
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Latest Syllabus for Academic Year (2020-21) 





Reduced Syllabus issued by CBSE for Academic Year 2020-21 


PHYSICS (Code No. 042) 
CLASS-XII 


Time : 3 Hours 


aa 
Electrostatics 


Chapter-1: Electric Charges and Fields 


Chapter-2: Electrostatic Potential and Capacitance 


Current Electricity 
Chapter-3: Current Electricity 


Unit III 


Total Marks 70 


No. of Periods 


16 


Magnetic Effects of Current and Magnetism 


Chapter—4: Moving Charges and Magnetism 16 


Chapter-5: Magnetism and Matter 
Unit IV 
Chapter-6: Electromagnetic Induction 
Chapter-7: Alternating Current 
Unit V Electromagnetic waves 
Chapter-8: Electromagnetic waves 


Unit VI | Optics 


Chapter-9: Ray Optics and Optical Instruments 


Chapter—10: Wave Optics 
Unit VII | Dual Nature of Radiation and Matter 


Chapter—11: Dual Nature of Radiation and Matter 


Unit VIII | Atoms and Nuclei 
Chapter-12: Atoms 
Chapter-13: Nuclei 


Unit IX Electronic Devices 


Electromagnetic Induction and Alternating Currents 


17 


18 
18 


Chapter—14: Semiconductor Electronics : Materials, Devices and 


Simple Circuits 


Unit I : Electrostatics (23 Periods) 
Chapter—1 : Electric Charges and Fields 


Electric Charges; Conservation of charge, 
Coulomb’s law-force between two point charges, 
forces between multiple charges; superposition 
principle and continuous charge distribution. 
Electric field, electric field due to a point charge, 
electric field lines, electric dipole, electric field 
due to a dipole, torque on a dipole in uniform 


electric fleld. Electric flux, statement of Gauss’s 





theorem and its applications to find field due to 
infinitely long straight wire, uniformly charged 
infinite plane sheet. 
Chapter—2 Electrostatic 
Capacitance 


Potential and 
Electric potential, potential difference, electric 
potential due to a point charge, a dipole and 
system of charges; equipotential surfaces, 
electrical potential energy of a system of two point 
charges and of electric dipole in an electrostatic 
field. 
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...contd. Syllabus 





Conductors and insulators, free charges and 
bound charges inside a conductor. Dielectrics and 
electric polarisation, capacitors and capacitance, 
combination of capacitors in series and in parallel, 
capacitance of a parallel plate capacitor with and 
without dielectric medium between the plates, 
energy stored in a capacitor. 


Unit II : Current Electricity 15 Periods 


Chapter-3 : Current Electricity 


Electric current, flow of electric charges in a 
metallic conductor, drift velocity, mobility and 
their relation with electric current; Ohm’s law, 
electrical resistance, V-I characteristics (linear and 
non-linear), electrical energy and power, electrical 
resistivity conductivity; temperature 
dependence of resistance. 


and 


Internal resistance of a cell, potential difference 
and emf of a cell, combination of cells in series 
and in parallel, Kirchhoff’s laws and simple 
applications, Wheatstone bridge, metre bridge 
(qualitative ideas only) 


Potentiometer - principle and its applications to 
measure potential difference and for comparing 
EMF of two cells; measurement of internal 
resistance of a cell (qualitative ideas only) 


Unit III : 
Magnetism 


Magnetic Effects of Current and 
16 Periods 


Chapter—4 : Moving Charges and Magnetism 
Concept of magnetic field, Oersted’s experiment. 


Biot - Savart law and its application to current 
carrying circular loop. 


Ampere’s law and its applications to infinitely 
long straight wire. Straight and toroidal solenoids 
(only qualitative treatment), force on a moving 
charge in uniform magnetic and electric fields 


Force on a current-carrying conductor in a 
uniform magnetic field, force between two parallel 
current-carrying conductors-definition of ampere, 
torque experienced by a current loop in uniform 
magnetic field; moving coil galvanometer-its 


current sensitivity and conversion to ammeter 
and voltmeter. 


Chapter—5 : Magnetism and Matter 


Current loop as a magnetic dipole and its magnetic 
dipole moment, magnetic dipole moment of a 
revolving electron, bar magnet as an equivalent 
solenoid, magnetic field lines; earth’s magnetic 
field and magnetic elements. 


Unit IV 
Alternating Currents 


Electromagnetic Induction and 
19 Periods 


Chapter-6 : Electromagnetic Induction 


Electromagnetic induction; Faraday’s laws, 
induced EMF and current; Lenz’s Law, Eddy 


currents. Self and mutual induction. 
Chapter-7 : Alternating Current 


Alternating currents, peak and RMS value 
of alternating current/voltage; reactance and 
impedance; LC oscillations (qualitative treatment 
only), LCR series circuit, resonance; power in AC 
circuits. 


AC generator and transformer. 


Unit V : Electromagnetic Waves 02 Periods 


Chapter-8 : Electromagnetic Waves 


Electromagnetic waves, their characteristics, their 
Transverse nature (qualitative ideas only). 


Electromagnetic spectrum (radio waves, 
microwaves, infrared, visible, ultraviolet, X-rays, 
gamma rays) including elementary facts about 
their uses. 


Unit VI : Optics 18 Periods 
Chapter-9 : Ray Optics and Optical Instruments 


Ray Optics : Refraction of light, total internal 
reflection and its applications, optical fibres, 
refraction at spherical surfaces, lenses, thin lens 
formula, lensmaker’s formula, magnification, 
power of a lens, combination of thin lenses in 
contact, refraction of light through a prism. 


Optical instruments: Microscopes and 
astronomical telescopes (reflecting and refracting) 
and their magnifying powers. 
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Chapter-10 : Wave Optics 


Wave optics : Wave front and Huygen’s principle, 
reflection and refraction of plane wave at a 
plane surface using wave fronts. Proof of laws of 
reflection and refraction using Huygen’s principle. 
Interference, Young’s double slit experiment and 
expression for fringe width, coherent sources and 
sustained interference of light, diffraction due to 
a single slit, width of central maximum. 


Unit VII : Dual Nature of Radiation and Matter 
07 Periods 

Chapter-11 : Dual Nature of Radiation and 

Matter 

Dual nature of radiation, Photoelectric effect, 

Hertz and Lenard’s observations; Einstein’s 

photoelectric equation-particle nature of light. 

Experimental study of photoelectric effect 

Matter waves-wave nature of particles, de-Broglie 

relation. 


Unit VIII : Atoms and Nuclei 11 Periods 
Chapter—12 : Atoms 
Alpha-particle scattering experiment; 


Rutherford’s model of atom; Bohr model, energy 


levels, hydrogen spectrum. 

Chapter-13 : Nuclei 

Composition and size of nucleus. 

Nuclear force : Mass-energy relation, mass defect, 

nuclear fission, nuclear fusion. 

Unit IX : Electronic Devices 7 Periods 

Chapter—14 Semiconductor Electronics: 

Materials, Devices and Simple Circuits 

Energy bands in conductors, semiconductors and 

insulators (qualitative ideas only) 

Semiconductor diode - I-V characteristics in 

forward and reverse bias, diode as a rectifier; 

Special purpose p-n junction diodes: LED, 

photodiode, solar cell. 

Practicals Total Periods 32 

The record to be submitted by the students at 

the time of their annual examination has to 
include : 

@ Record of at least 8 Experiments [with 4 from 
each section], to be performed by the students. 

@ Record of at least 6 Activities [with 3 each from 
section A and section B], to be demonstrated 
by teacher. 


Evaluation Scheme 


Time Allowed: Three hours 


Two experiments one from each section 


Practical record [experiments and activities 


Viva on experiments and activities 


Total 





SECTION-A 
Experiments : 


1. To determine resistivity of two / three wires by 
plotting a graph for potential difference versus 
current. 


2. To find resistance of a given wire / standard 
resistor using metre bridge. 
OR 
To verify the laws of combination (series) of 
resistances using a metre bridge. 


Max. Marks: 30 


8+8 Marks 
7 Marks 
7 Marks 
30 marks 


OR 
To verify the laws of combination (parallel) of 
resistances using a metre bridge. 
. To compare the EMF of two given primary cells 
using potentiometer. 
OR 
To determine the internal resistance of given 
primary cell using potentiometer. 
4, To determine resistance of a galvanometer by 
half-deflection method and to find its figure of 
merit. 
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. To convert the given galvanometer (of known 


resistance and figure of merit) into a voltmeter 
of desired range and to verify the same. 


OR 
To convert the given galvanometer (of known 


resistance and figure of merit) into an ammeter 
of desired range and to verify the same. 


. To find the frequency of AC mains with a 


sonometer. 


Activities 


1. 


To measure the resistance and impedance of an 
inductor with or without iron core. 


. To measure resistance, voltage (AC/DC), 


current (AC) and check continuity of a given 
circuit using multimeter. 


. To assemble a household circuit comprising 


three bulbs, three (on/off) switches, a fuse and 
a power source. 


. To assemble the components of a given 


electrical circuit. 


. To study the variation in potential drop with 


length of a wire for a steady current. 


. To draw the diagram of a given open circuit 


comprising at least a battery, resistor/rheostat, 
key, ammeter and voltmeter. Mark the 
components that are not connected in proper 
order and correct the circuit and also the circuit 
diagram. 

SECTION-B 


Experiments : 


1. 


To find the focal length of a convex lens by 
plotting graphs between u and v or between 
1/u and 1%. 


. To find the focal length of a convex mirror, 


using a convex lens. 





OR 


To find the focal length of a concave lens, using 
a convex lens. 


. To determine angle of minimum deviation for 


a given prism by plotting a graph between 
angle of incidence and angle of deviation. 


. To determine refractive index of a glass slab 


using a travelling microscope. 


. To find refractive index of a liquid by using 


convex lens and plane mirror. 


. To draw the I-V characteristic curve for a p-n 


junction diode in forward bias and reverse 
bias. 


Activities 


P 


2. 


To identify a diode, an LED, a resistor and a 
capacitor from a mixed collection of such items. 


Use of multimeterto seethe unidirectional flow 
of current in case of a diode and an LED and 
check whether a given electronic component 
(e.g., diode) is in working order. 


. To study effect of intensity of light (by varying 


distance of the source) on an LDR. 


. To observe refraction and lateral deviation of a 


beam of light incident obliquely on a glass slab. 


. To observe polarization of light using two 


Polaroids. 


. To observe diffraction of light due to a thin slit. 
. To study the nature and size of the image 


formed by a (i) convex lens, (ii) concave mirror, 
on a screen by using a candle and a screen (for 
different distances of the candle from the lens/ 
mirror). 


. To obtain a lens combination with the specified 


focal length by using two lenses from the given 
set of lenses. 


Practical Examination for Visually Impaired Students of 
Class XII Evaluation Scheme 


Time Allowed: Two hours 


Identification/Familiarity with the apparatus 


Written test (based on given/prescribed practicals) 


Practical Record 


Viva 
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General Guidelines 


The practical examination will be of two hour 
duration. 

A separate list of ten experiments is included 
here. 

The written examination in practicals for these 
students will be conducted at the time of 
practical examination of all other students. 
The written test will be of 30 minutes duration. 
The question paper given to the students 
should be legibly typed. It should contain 
a total of 15 practical skill based very short 
answer type questions. A student would be 
required to answer any 10 questions. 

A writer may be allowed to such students as 
per CBSE examination rules. 

All questions included in the question papers 
should be related to the listed practicals. 
Every question should require about two 
minutes to be answered. 

These students are also required to maintain a 
practical file. A student is expected to record at 
least five of the listed experiments as per the 
specific instructions for each subject. These 
practicals should be duly checked and signed 
by the internal examiner. 

The format of writing any experiment in the 
practical file should include aim, apparatus 
required, simple theory, procedure, related 
practical skills, precautions etc. 

Questions may be generated jointly by the 
external/internal examiners and used for 
assessment. 

The viva questions may include questions 
based on basic theory/principle/concept, 
apparatus/ materials/chemicals required, 
procedure, precautions, sources of error etc. 


Class XII 


. Items for Identification/ familiarity with the 


apparatus for assessment in practicals (All 
experiments) 


Meter scale, general shape of the voltmeter/ 
ammeter, battery/power supply, connecting 
wires, standard resistances, connecting wires, 
voltmeter/ammeter, meter bridge, screw gauge, 
jockey Galvanometer, Resistance Box, standard 
Resistance, connecting wires, Potentiometer, 
jockey, Galvanometer, Lechlanche cell, Daniell 
cell [simple distinction between the two vis-a- 





vis their outer (glass and copper) containers], 
rheostat connecting wires, Galvanometer, 
resistance box, Plug-in and tapping keys, 
connecting wires battery/power supply, Diode, 
Resistor (Wire-wound or carbon ones with 
two wires connected to two ends), capacitors 
(one or two types), Inductors, Simple electric/ 
electronic bell, battery/power supply, Plug-in 
and tapping keys, Convex lens, concave lens, 
convex mirror, concave mirror, Core/hollow 
wooden cylinder, insulated wire, ferromagnetic 
rod, Transformer core, insulated wire. 


B. List of Practicals 


1. To determine the resistance per cm of a given 
wire by plotting a graph between voltage and 
current. 


2. To verify the laws of combination (series/ 
parallel combination) of resistances by Ohm’s 
law. 


3. To find the resistance of a given wire / standard 
resistor using a meter bridge. 


4. To compare the e.m.f of two given primary 
cells using a potentiometer. 


5. To determine the resistance of a galvanometer 
by half deflection method. 


6. To identify a resistor, capacitor, inductor and 
diode from a mixed collection of such items. 


7. To understand the principle of (i) a NOT gate 
(ii) an OR gate (iiijan AND gate and to make 
their equivalent circuits using a bell and cells/ 
battery and keys /switches 

8. To design an inductor coil and to know the 
effect of 

(i) change in the number of turns 

(ii) Introduction of ferromagnetic material as its 
core material on the inductance of the coil. 

9. To design a (i) step up (ii) step down transformer 
on a given core and know the relation between 
its input and output voltages. 

Note : The above practicals may be carried out 

in an experiential manner rather than recording 

observations. 

Prescribed Books: 

1. Physics, Class XII, Part -I and II, Published by 
NCERT. 

2. Laboratory Manual of Physics for class XII 


Published by NCERT 
OU) 
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QUESTION PAPER DESIGN 


Physics (Code No. 042) 
Class XII (2020-21) 


Board Examination-Theory 
Maximum Marks : 70 Duration : 3 hours 


Total Approximate 
Typology of Questions Marks Percentage 


Remembering : Exhibit memory of previously learned material by 

recalling facts, terms, basic concepts, and answers. 

Understanding : Demonstrate understanding of facts and ideas 38% 
by organizing, comparing, translating, interpreting, giving 

descriptions, and stating main ideas 


2. | Applying: Solve problems to new situations by applying acquired 
knowledge, facts, techniques and rules in a different way. 22 32% 
3 


Analysing : Examine and break information into parts by 

identifying motives or causes. Make inferences and find evidence 

to support generalizations 

Evaluating : Present and defend opinions by making judgments 

about information, validity of ideas, or quality of work based on a 21 30% 
set of criteria. 

Creating : Compile information together in a different way by 

combining elements in a new pattern or proposing alternative 

solutions. 


Practical : 30 Marks 
Note: 


1. Internal Choice : There is no overall choice in the paper. However, there will be at least 33% internal 
choice. 

2. The above template is only a sample. Suitable internal variations may be made for generating similar 
templates keeping the overall weightage to different form of questions and typology of questions same. 


LIL) 
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DEDUCTED PORTION 
Physics (Code No. 042) Class XII 


1. Electric charges and fields 
uniformly charged thin spherical shell (field inside and outside). 
3. Current Electricity 


Carbon resistors, colour code for carbon resistors; series and parallel combinations of resistors 





4. Moving Charges and Magnetism 
Cyclotron 


5. Magnetism and Matter 
magnetic field intensity due to a magnetic dipole (bar magnet) along its axis and perpendicular to 
its axis, torque on a magnetic dipole (bar magnet) in a uniform magnetic field; 
Para-, dia- and ferro - magnetic substances, with examples. Electromagnets and factors affecting 
their strengths, permanent magnets. 





7. Alternating Current 
power factor, wattless current. 


8. Electromagnetic Waves 


Basic idea of displacement current, 


9. Ray Optics and Optical Instruments 
Reflection of light, spherical mirrors,(recapitulation) mirror formula, Scattering of light - blue 
colour of sky and reddish appearance of the sun at sunrise and sunset. 
resolving power of microscope and astronomical telescope, polarisation, plane polarised light, 
Brewster’s law, uses of plane polarised light and Polaroids. 





11. Dual Nature of radiation and matter 
Davisson-Germer experiment 
13. Nuclei 
Radioactivity, alpha, beta and gamma particles/rays and their properties; radioactive decay law, 
half life and mean life 
binding energy per nucleon and its variation with mass number 


14. Semiconductor Electronics: Materials, Devices and Simple Circuits 
Zener diode and their characteristics, zener diode as a voltage regulator. 





Practicals : No investigatory project and Activity to be demonstrated 
8 experiments ( clubbed based on skills ) in place of 12 
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C.B.S.E. 
2020 


SOLVED 
PAPER 


Class—XII 


PHYSICS 
(Theory) 


Delhi / Outside Delhi Sets 


*Note : This Paper is Solely for Reference Purpose. The Syllabus has now been modified by CBSE for 2021 Exam. 


Time : 3 Hrs. 


General Instructions: 





M.M. : 70 


Read the following instructions very carefully and strictly follow them : 


(i) This question paper comprises four sections — A, B, C and D. 


(ii) There are 37 questions in the question paper. All questions are compulsory. 


(iii) Section A : Q. no. 1 to 20 are very short-answer type questions carrying 1 mark each. 


(iv) Section B : Q. no. 21 to 27 are short-answer type questions carrying 2 marks each. 


(v) Section C : Q. no. 28 to 34 are long-answer type questions carrying 3 marks each. 


(vi) Section D : Q. no. 35 to 37 are also long answer type questions carrying 5 marks each. 


(vii) There is no overall choice in the question paper. However, an internal choice has been provided in two questions of one 
mark, two questions of two marks, one question of three marks and all the three questions five of marks. You have to 


attempt only one of the choices in such questions. 


(vii) However, separate instructions are given with each section and question, wherever necessary. 


(ix) Use of calculators and log tables is not permitted. 


(x) You may use the following values of physical constants wherever necessary : 


c = 3 x 10° m/s 
h = 6.63 x 10 Js 
e=16x10"C 
uo =4r 10” TmA? 
go = 8.854 x 10” C2N-1m 2 
1 
ATE, 
Mass of electron (m,) = 9.1 x 10! kg 
Mass of neutron = 1.675 x 107 kg 
Mass of proton = 1.673 x 107 kg 
Avogadro's number = 6.023 x 10” per gram mole 
Boltzmann constant = 1.38 x 102 JK! 





= 9 x 10? Nm2C—2 


Delhi Set - I 


SECTION - A 


Note : Select the most appropriate option from those 
given below each question. 
1. The relationship between Brewester angle ‘0’ and 
the speed of light ‘v’ in the denser medium is 
(a) otan0 = c (b) ctan0 =v 
(c) osin0 =c (d) csin0 = o 1 


55/5/1 


Photodiodes are used to detect 
(a) radio waves 
(c) IR rays 


(b) gamma rays 

(d) optical signals 1 
The selectivity of a series LCR a.c. circuit is large, 
when 

(a) Lis large and R is large 

(b) Lis small and R is small 

(c) Lis large and R is small 

(d) L=R 1 
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10. 


Note : 


11. 


12. 


13. 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


The graph showing the correct variation of linear momentum (p) of a charge particle with its de Broglie wavelength 


(A) is 


À À À À 
(a) (b) (c) (d) 1 


The wavelength and intensity of light emitted by an 
LED depend upon 


(a) forward bias and energy gap of the 
semiconductor. 

(b) energy gap of the semiconductor and reverse 
bias. 

(c) energy gap only. 

(d) forward bias only. 1 


A charge particle after being accelerated through 
a potential difference ‘V’ enters in a uniform 
magnetic field and moves in a circle of radius r. If V 
is doubled, the radius of the circle will become 

r 


(b) V2r (d) Z 


The electric flux through a closed Gaussian surface 

depends upon 

(a) Net charge enclosed and permittivity of the 
medium 

(b) Net charge enclosed, permittivity of the 
medium and the size of the Gaussian surface 

(c) 

(d) 


Net charge enclosed only 

Permittivity of the medium only 1 
If photons of frequency v are incident on the 
surfaces of metals A and B of threshold frequencies 
Z and — respectively. The ratio of the maximum 


2 
kinetic energy of electrons emitted from A to that 
from B is 
(a) 2:3 (b) 3:4 
(c) 1:3 (da) v3 :v2 1 
The power factor of a series LCR circuit at resonance 
will be 


(a) 2r (c) 4r 1 


1 l 
c) — d) -= 1 
©0353 Ws 
A biconcave lens of power P vertically splits into 
two identical plano concave parts. The power of 


each part will be 


(a) 1 (b) 0 


P 
(d) T> 1 


Fill in the blanks with appropriate answer. 


(a) 2P b) — () P 


The physical quantity having SI unit NCT! m is 

1 
A copper wire of non-uniform area of cross- 
section is connected to a d.c. battery. The physical 
quantity which remains constant along the wire 
is 1 
A point charge is placed at the centre of a hollow 
conducting sphere of internal radius ‘r and outer 


14. 


15. 


Note : 


16. 


17. 


18. 


19. 


20. 


radius ‘2r’. The ratio of the surface charge density 
of the inner surface to that of the outer surface will 
be 1 
The a property of materials C, Si and 
Ge depends upon the energy gap between their 
conduction and valence bands. 1 
The ability of a junction diode to an 
alternating voltage, is based on the fact that it allows 
current to pass only when it is forward biased. 1 
Answer the following : 


Define the term ‘current sensitivity’ of a moving 
coil galvanometer. 1 
Depict the fields diagram of an electromagnetic 
wave propagating along positive X-axis with its 
electric field along Y-axis. 1 
Write the conditions on path difference under which 
(i) constructive and (ii) destructive interference 
occur in Young’s double slit experiment. 1 
Plot a graph showing variation of induced e.m-f. 
with the rate of change of current flowing through 
a coil. 1 
OR 
A series combination of an inductor (L), capacitor (C) 
and a resistor (R) is connected across an a.c. source 
of emf of peak value E, and angular frequency (œ). 
Plot a graph to show variation of impedance of the 
circuit with angular frequency (@). 1 
An electron moves along +x direction. It enters 
into a region of uniform magnetic field B directed 
along -z direction as shown in fig. Draw the shape 
of trajectory followed by the electron after entering 
the field. 
J 


"1 


OR 


A square-shaped current-carrying loop MNOP is 
placed near a straight, long current-carrying wire 
AB as shown in the fig. The wire and the loop lie in 
the same plane. If the loop experiences a net force 
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23. 


F towards the wire, find the magnitude of the force 
on the side ‘NO’ of the loop. 


A 
L 
M k N 
is L 
P O 
2 
B 


SECTION - B 


Derive the expression for the torque acting on an 
electric dipole, when it is held in a uniform electric 
field. Identify the orientation of the dipole in the 
electric field, in which it attains a stable equilibrium. 

2 

OR 

Obtain the expression for the energy stored in a 
capacitor connected across a d.c. battery. Hence, 
define energy density of the capacitor. 2 
Gamma rays and radio waves travel with the same 
velocity in free space. Distinguish between them in 
terms of origin and the main application. 2 


Light from a sodium lamp (S) passes through two 
polaroid sheets P, and P; as shown in fig. What will 
be the effect on the intensity of the light transmitted 
(a) by P, and (b) by P, on rotating polaroid P; about 
the direction of propagation of light ? Justify your 
answer in both cases. 


S I, L 
@ —- ->-- >-- 
2 
OR 


Define the term ‘wavefront of light’. A plane wave 
front AB propagating from denser medium (1) into 
a rarer medium (2) is incident on the surface P,P, 
separating the two media as shown in fig. 


Using Huygen’s principle, draw the secondary 
wavelets and obtain the refracted wavefront in the 
diagram. 

B 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
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A heavy nucleus P of mass number 240 and binding 
energy 7.6 MeV per nucleon splits in to two 
nuclei Q and R of mass numbers 110 and 130 and 
binding energy per nucleon 8.5 MeV and 8.4 MeV, 
respectively. Calculate the energy released in the 
fission. 2 


Figure shows the stopping potential (Vo) for the 


photoelectron versus N graph, for two metals À 


and B, À being the wavelength of incident light. 
A 
Vo B 


>|— 


(a) How is the value of Planck’s constant determined 

from the graph ? 

(b) If the distance between the light source and the 
surface of metal A is increased, how will the 
stopping potential from electrons emitted from 
it be effected ? Justify your answer. 

Use Bohr’s model of hydrogen atom to obtain the 

relationship between the angular momentum and 

the magnetic moment of revolving electron. 2 

In a single slit diffraction experiment, width of 

the slit is increased. How will the (a) size and (b) 

intensity of central bright band be affected? Justify 

your answer. 2 


SECTION -C 


(a) Differentiate between electrical resistance and 

resistivity of a conductor. 

(b) Two metallic rods, each of length L, area of 
cross-section A, and A, having resistivity pı 
and p, are connected in parallel across a d.c. 
battery. Obtain the expression for the effective 
resistivity of this combination. 3 

Calculate the de Broglie wavelength assosciated 

with the electron revolving in the first excited state 

of hydrogen atom. The ground state energy of 

hydrogen atom is —13.6 eV. 3 

(a) Define the term decay constant of a radioactive 

substance. 


(b) The half-life of *°U undergoing a decay is 4.5 x 


10° years. Calculate the activity of 10 g sample of 


238 
U. 3 
92 
Whatis a solar cell? Draw V-I characteristics. Explain 
the three processes involved in the working. 3 
OR 


Draw the circuit diagram of a full wave rectifier. 
Explain its working showing its inputs and output 
waveforms. 3 


An optical instrument uses a lens of power 100 D 
for objective lens and 50 D for its eyepiece. When 
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(a) 


(b) 
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the tube length is kept at 25 cm, the final image is 

formed at infinity. 

(a) Identify the optical instrument. 

(b) Calculate the magnification produced by the 

instrument. 3 

(a) Two point charges q; and q, are kept at a distance 
of r, in air. Deduce the expression for the 
electrostatic potential energy of the system. 

(b) If an external electric field (E) is applied on the 

system, write the expression for total energy of this 

system. 3 

When a conducting loop of resistance 10 Q and 

area 10 cm*is removed from external magnetic field 

acting normally, the variation of induced current in 

the loop with time is as shown in the figure — 





(0.0) 
Find the 
(a) total charges passed through the loop. 
(b) change in magnetic flux through the loop. 


1.0 (t in s) 


(c) magnitude of the magnetic field applied. 3 


SECTION - D 


(a) Define the term “focal length of a mirror” with 
the help of any diagram. Obtain the relation 
between focal length and radius of curvature. 

(b) Calculate the angle of emergence (e) of the ray of 
light incident normally on the face AC of a glass 
prism ABC of refractive index 4/3 . How will the 
angle of emergence change qualitatively, if the 
ray of light emerges from the prism into a liquid 
of refractive index 1.3 instead of air ? 


C 





Define the term ‘resolving power of a telescope’. 
How will the resolving power be effected with 
increase in 

(i) Wavelength of light used. 

(ii) Diameter of the objective lens. 
Justify your answers. 
A screen is placed 80 cm from an object. The image 
of the object on the screen is formed by a convex 


36. 


37. 


lens placed between them at two different locations 

seperated by a distance 20 cm. Determine the focal 

length of the lens. 5 

(a) Show that an ideal conductor does not dissipate 

power in an a.c. circuit. 

(b) The variation of inductive reactance (X; ) of an 
inductor with the frequency (f) of the a.c. source 
of 100 V and variable frequency is shown in the 


figure. 





f(in Hz) 


(i) Calculate the self-inductance of the inductor. 

(ii) When this inductor is used in series with a 
capacitor of unknown value and a resistor of 10 
Q at 300 s 1, maximum power dissipation occurs 
in the circuit. Calculate the capacitance of the 
capacitor. 5 

OR 

(a) A conductor of length ‘I’ is rotated about one 

of its ends at a constant angular speed ‘w’ in a 

plane perpendicular to a uniform magnetic 

field B. Plot graphs to show variations of the 

emf induced across the IP variations of the 

emf induced across the ends of the conductor 

with (i) angular speed œ and (ii) length of the 

conductor l. 

Two concentric circular loops of radii 1 cm and 

20 cm are placed coaxially. 

(i) Find mutual inductance of the arrangement. 

(ii) If the current passed through the outer 
loop is changed at a rate of 5 A/ms, find 
the emf induced in the inner loop. Assume 
the magnetic field on the inner loop to be 
uniform. 5 

(a) Write two important characteristics of 
equipotential surfaces. 

(b) A thin circular ring of radius r is charged 
uniformly so its linear charge density becomes 
À. Derive an expression for the electric field at 
a point P at a distance x from it along the axis of 
the ring. Hence, prove that for large distance (x 
>> r), the ring behaves as a point charge. 5 


(b 


— 


(a) State Gauss's law on electrostatics and derive 
an expression for the electric field due to a long, 
straight and thin uniformly charged wire (linear 
charge density À ) at a point lying at a distance r 
from the wire. 

(b) The magnitude of electric field (in NC~') in a 

region varies with the distance r (in m) as 
E=10r+5 
By how much, does the electric potential 
increase in moving from point at r = 1 m toa 
point at r = 10 m. 5 
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SECTION - A 


6. A biconvex lens of focal length f is cut into two 


21. 


(a) 2:3 


identical plano convex lenses. The focal length of 
each part will b 


@f wmf oy 


The phase difference between the current and d the 
voltage in series LCR circuit at resonance is 


(b) Ç (c) ; (d) zero 1 


Photons of frequency v are incident on the surface 


(d) 4f 1 


(a) 7 


of two metal A and B of threshold frequencies = 


, respectively. The ratio of maximum kinetic 





and 2v 
3 


energy of electrons emitted from A to that from B is 
1 


(b) 4:3 (o 3:4 


SECTION - B 


(a) Define one Becquerel. 


(d) 3:2 


Delhi Set - III 


21. 


24. 


28. 


29. 


SECTION - B 


Write the shortcomings of Rutherford atomic model. 
Explain how these were overcome by the postulates 
of Bohr’s atomic model. 2 
Calculate for how many years the fusion of 2.0 kg 
deuterium will keep 800 W electric lamp glowing. 
Take the fusion reaction as 


IH+IH > 3He+jn+3.27 MeV 


SECTION - C 


(a) Define the term ‘half-life’ of a radioactive 
substance. 


(b) The half life of *{U undergoing alpha decay is 
4.5X10’ years calculate the activity of 5g sample of 
a | i 3 
92 
Explain the information of potential barrier and 
depletion region in a p-n junction diode. What 
is effect of applying forward bias on the width of 
depletion region ? 3 
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55/5/2 

(b) A radioactive substance disintegrates into 

two types of daughter nuclei, one type with 

disintegration constant A, and the other type 

with disintegration constant à. Determine the 

half-line of the radioactive substance. 2 
In case of photoelectric effect experiment, explain 
the following facts, giving reasons. 


(a) The wave theory of light could not explain the 
existence of the threshold frequency. 


(b) The photo electric current increases with 
increase in the intensity of incident light. 2 


SECTION - C 


(a) Define internal resistance of a cell. 


(b) A cell of emf E and internal resistance r is 
connected across a variable resistor R. Plot the 
shape of graphs showing variation of terminal 
voltage V with (i) R and (ii) circuit current I. 3 

Draw the curve showing the variation of binding 

energy per nucleon with the mass number of 

nuclei. Using it explain the fusion of nuclei lying 
on ascending part and fission of nuclei lying on 


descending part of this curve. 3 
55/5/3 
OR 
What is photo diode ? Briefly explain its working 
and draw its V-I characteristics. 3 


Calculate the de Broglie wavelength associated with 
the electron in the 2"¢ excited state of hydrogen 
atom. The ground state energy of the hydrogen 
atom is 13.6 eV. 3 


(a) Two point charges + Q} and - Q, are placed r 
distance apart. Obtain the expression for the 
amount of work done to place a third charge 
Q, at the midpoint of the line joining the two 
charges. 

(b) At what distance from charge + Q, on the line 
joining the two charges (in terms of Q,, Q, and 
r) will this work done be zero? 3 

An optical instrument uses an objective lens of 

power 100 D and an eyepiece of power 40 D. The 

final image is formed at infinity when the tube 
length of the instrument is kept at 20 cm. 

(a) Identify the optical instrument. 

(b) Calculate the angular magnification produced 

by the instrument. 3 


55/4/1 


SECTION - A 


Select the most appropriate option from those given below each question. 


1. Acellof emf E and internal resistance r is connected across a variable external resistance R. The graph of terminal 


potential difference V as a function of R is: 
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(a) (b) 


2. A uniform wire of resistance 2R is bent in the form 


4. 


of a circle. The effective resistance between the ends 
of any diameter of the circle is : 








(a) 2R (b) R (c) 5 (d) 2 1 
A current I flows through a lon? straight conductor 
which is bent into a circular loop of radius R in the 
middle as shown in the figure. 
The magnitude of the net magnetic field at point O 
will be : 
Hol 
(a) Zero (b) =a (1+ 7) 
() e (d) Do 3 
4nR 2R T 1 

A circular loop of radius r, carrying a current I lies 
in y-z plane with its centre at the origin. The net 
magnetic flux through the loop is : 
(a) directly proportional to r 
(b) zero 
(c) inversely proportional to r 
(d) directly proportional to I 1 
The kinetic energy of a proton and that of an 
a-particle are 4 eV and 1 eV, respectively. The ratio 
of the deBroglie wavelengths associated with them, 
will be : 

(a) 2:1 (b) 1:1 (c) 1:2 (d) 4:1 1 


6.A photocell connected in an electrical circuit is placed 


7. 


(a) I 


at a distance ‘d’ from a source of light. As a result, 
current I flows in the circuit. What will be the 
current in the circuit when the distance is reduced 


to Zi 
2 


() 41 (d) > 1 


(b) 2I 
A current of 10 A is flowing from east to west in a 
long straight wire kept on a horizontal table. The 
magnetic field developed at a distance of 10 cm due 
north on the table is : 

(a) 2 x 10° T, acting downwards 

(b) 2 x 10° T, acting upwards 

(c) 4 x 10°T, acting downwards 

(d) 4 x 10° T, acting upwards 1 
When a wave undergoes reflection at an interface 
from rarer to denser medium, adhoc change in its 





=< 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
18. 


19. 


20. 


V 
R R 
(c) (d) 1 
phase is : 
(a) z —(b) 0 x ®7 1 


Paschen series of atomic spectrum of hydrogen gas 

lies in : 

(a) Infrared region 

(b) Ultraviolet region 

(c) Visible region 

(d) Partly in ultraviolet and partly in visible region 

1 

In the a-particle scattering experiment, the shape 

of the trajectory of the scattered a—particles depend 

upon : 

(a) only on impact parameter 

(b) only on the source of a—particles 

(c) both impact parameter and source of a- 
particles 

(d) impact parameter and the screen material of 
the detector 1 

Note : Fill in the blanks with appropriate answer. 

Torque acting on an electric dipole placed in an 

electric field is maximum when the angle between 

the electric field and the dipole moment is 1 

A proton released from rest in an electric field, will 

start moving towards a region of potential in 

the field. 1 

To minimise the percentage error in the 

determination of unknown resistance of a conductor 

in meter bridge experiment, the balance point is 


adjusted near of the wire. 
OR 
In potentiometer, a long uniform wire is used to 
potential gradient along the wire. 1 





Unpolarised light of intensity I, is incident on two 

crossed polaroids. The intensity of light transmitted 

by the combination will be I 1 

Name the particle emitted spontaneously in the 
tollowing nuclear reaction : 


32 32 T 
bl > io tut 





1 
Answer the following : 
The work done in moving a charge particle between 
two points in an uniform electric field, does not 
depend on the path followed by the particle. Why ? 
1 
Define magnetic declination at a place on earth. 1 
An A.C. source with variable frequency is 
connected to a parallel plate capacitor. How will the 
displacement current be affected with the decrease 
in frequency of the source ? 1 
An astronomical telescope may be a refracting type 
or a reflecting type. Which of the two produces 
image of better quality ? Justify your answer. 1 
Can a slab of p-type semiconductor be physically 
joined to another n-type semi-conductor slab to form 
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24. 


25. 


26. 


p-n junction ? Justify your answer. 1 
OR 

In a p-n junction diode, the forward bias resistance is 

low as compared to the reverse bias resistance. Give 

reason. 1 


SECTION - B 


Find the total charge stored in the network of 
capacitors connected between A and B as shown in 
figure : 


tuk. /\, 2uF 


A B 


6A Z 2 uF 


3V 2 


A wire of length L, has a resistance R,. It is gradually 

stretched till its length becomes 2 L,. 

(a) Plot a graph showing variation of its resistance 
R with its length L during stretching. 

(b) What will be its resistance when its length 
becomes 2 L,? 2 

A resistor R and an inductor L are connected in 

series to a source of voltage V = V sin ot. The 


voltage is found to lead current in phase by rë If 


the inductor is replaced by a capacitor C, the voltage 


lags behind current in phase by x . When L, C and 


R are connected in series with the same source, 
Find the : 
(i) average power dissipated and 
(ii) instantaneous current in the circuit 2 
Light of same wavelength is incident on three 
photo-sensitive surfaces A, B and C. The following 
observations are recorded. 
(a) From surface A, photoelectrons are not emit- 
ted. 
(b) From surface B, photoelectrons are just emit- 
ted. 
(c) From surface C, photoelectrons with some 
kinetic energy are emitted. 
Compare the threshold frequencies of the three 
surfaces and justify your answer. 2 


If the frequency of light incident on the cathode 

of a photocell is increased, how will following be 

affected ? Justify your answer. 

(i) Energy of the photo electrons 

(ii) Photo current 2 

Briefly explain how a potential barrier is set up 

across a p-n junction as a result of diffusion and drift 

of the charge carriers. 2 

(a) Why is a photodiode operated under reverse 
bias condition ? 

(b) Draw V-I characteristic curves of photodiode 
for incident light of intensities I, and I, (L, > L. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


[ 25 


OR 

(a) State the level of doping and biasing condition 
used in light emitting diode (LED). 

(b) Write any two advantages of LED over the 
conventional low power lamps. 2 

(a) Explain the formation of energy bands in 

crystalline solids. 

(b) Draw the energy band diagrams of (i) a metal 
and (ii) a semiconductor. 2 


SECTION - C 


A hollow conducting sphere of inner radius r, and 

outer radius r, has a charge Q on its surface. A point 

charge —q is also placed at the centre of the sphere. 

(a) What is the surface charge density on the 
(i) inner and (ii) outer surface of the sphere ? 

(b) Use Gauss’ law of electrostatics to obtain the 
expression for the electric field at a point lying 
outside the sphere. 

OR 

(a) An infinitely long thin straight wire has a 
uniform linear charge density À. Obtain the 
expression for the electric field (E) at a point ly- 
ing at a distance x from the wire, using Gauss’ 
law. 

(b) Show graphically the variation of this electric 
field E as a function of distance x from the 


wire. 3 
(a) Explain the principle of working of a 
potentiometer. 


(b) In a potentiometer, a standard source of emf 5 
V and negligible internal resistance maintain 
a steady current through the potentiometer 
wire of length 10 m. Two primary cells of emf 
E, and E; are joined together in a series with 
(i) same polarity and (ii) opposite polarity. The 
combination is connected to the potentiometer 
circuit in each case. The balancing length of 
the wire in the two cases are found to be 700 
cm and 100 cm, respectively. 

Find the values of emf of the two cells. 3 

(a) Differentiate between self inductance and 
mutual inductance. 

(b) The mutual inductance of two coaxial coils is 2 
H. The current in one coil is changed uniform- 
ly from zero to 0.5 A in 100 ms. Find the : 

(i) change in magnetic flux through the other 


coil. 
(ii)emf induced in the other coil during the 
change. 3 


Explain with the help of a diagram, the working of 
a step-down transformer. Why is a laminated iron 
core used in a transformer ? 3 
Name the electromagnetic waves with their 
frequency range, produced in 

(a) some radioactive decay 

(b) sparks during electric welding 

(c) TV remote 3 
Two coherent light waves of intensity 5 x 102 Wm 
each superimpose and produce the interference 
pattern on a screen. At a point where the path 


difference between the waves is ae À being 
wavelength of the wave, find the 
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(a) phase difference between the waves 

(b) resultant intensity at the point 

(c) resultant intensity in terms of the intensity at 
the maximum 3 

Two objects P and Q when placed at different 

positions in front of a concave mirror of focal length 

20 cm, form real images of equal size. Size of object 

P is three times the size of object Q. If the distance 

of P is 50 cm from the mirror, find the distance of Q 

from the mirror. 


SECTION - D 


(a) Show that a current carrying solenoid behaves 
like a small bar magnet. Obtain the expression 
for the magnetic field at an external point lying 
on its axis. 

(b) A steady current of 2 A flows through a circu- 

lar coil having 5 turns of radius 7 cm. The coil 

lies in X-Y plane with its centre at the origin. 

Find the magnitude and direction of the mag- 

netic dipole moment of the coil. 5 

OR 

Derive the expression for the force acting 

between two long parallel current carrying 

conductors. Hence, define 1 A current. 

(b) A bar magnet of dipole moment 3 Am? rests 
with its centre on a frictionless pivot. A force F 
is applied at right angles to the axis of the mag- 
net, 10 cm from the pivot. It is observed that an 
external magnetic field of 0.25 T is required to 
hold the magnet in equilibrium at an angle of 
30° with the field. 

Calculate the value of F. 
How will the equilibrium be effected if F is 
withdrawn ? 5 

(a)Draw the ray diagram showing refraction 
of ray of light through a glass prism. Derive 
the expression for the refractive index u 
of the material of prism in terms of the 
angle of prism A and angle of minimum 
deviation ôm 


(a 


— 


Outside Delhi Set- II 


SECTION - A 


Select the most appropriate option from those given 
below each question : 


1. 


4. 


Anelectron anda proton are moving along the same 
direction with the same kinetic energy. They enter 
a uniform magnetic field acting perpendicular to 
their velocities. The dependence of radius of their 
paths on their masses is : 


(a) rom (b) ræ Vm 
1 1 
(c) cae (d) ae ! 


A photocell connected in an electrical circuit is 
placed at a distance 'd' from a source of light. As a 
result, current I flows in the circuit. What will be the 
current in the circuit, when the distance is reduced 
to 4, ? 

3 


37. 


11. 


12. 


19. 


(b) A ray of light PQ enters an isosceles right- 
angled prism ABC of refractive index 1.5 as 
shown in figure. 





(i) Trace the path of the ray through the 
prism. 
(ii) What will be the effect on the path of the 
ray if the refractive index of the prism is 1.4 ? 
5 
OR 
(a) Two thin lenses are placed coaxially in contact. 
Obtain the expression for the focal length of 
this combination in terms of the focal lengths 
of the two lenses. 
(b) A converging lens of refractive index 1.5 has 
a power of 10 D. When it is completely im- 
mersed in a liquid, it behaves as a diverging 
lens of focal length 50 cm. Find the refractive 
index of the liquid. 5 


(a) Derive the law of radioactive decay N = N, e. 


(b) The half life of °? U undergoing a-decay is 4.5 

x 10? years. Find its mean life. 

(c) What fraction of the initial mass of a radioactive 
substance will decay in five half-life periods ? 5 

OR 

(a) State the postulates of Bohr’s model of hydro- 
gen atom and derive the expression for Bohr 
radius. 

(b) Find the ratio of the longest and the shorest 
wavelengths amongst the spectral lines of 
Balmer series in the spectrum of hydrogen 
atom. 5 


— 


55/4/2 


(a) I (b) 6l (c) 9I (d) Ži 1 
A current of 5 A is flowing from east to west in a 
long straight wire kept on a horizontal table. The 
magnetic field developed at a distance of 10 cm due 
south on the table is : 

(a) 1 x 10° T acting downwards 

(b) 1 x 10° T acting upwards 

(c) 2 x 10° T acting downwards 

(d) 2 x 10° T acting upwards 1 
Note : Fill in the blanks with appropriate answer : 
In B-decay, a neutron is converted into a proton, e` 
and 1 
In a linearly polarised light, the electric vector 
oscillates along a direction perpendicular to the 
aligned molecules, of the polaroid, called 

axis. 1 
Answer the following : 

Depict equipotential surfaces due to an electric 
dipole. 1 
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Define ‘angle of dip’ at a place on earth. 1 
SECTION - B 
A uniform wire is cut into three parts with their 


lengths in the ratio 2 : 3 : 6. The ends of each of these 
three parts are connected across an ideal battery of 
10 V. If a current of 5 A is drawn from the battery, 
find the initial resistance of the wire. 2 


SECTION -C 


Explain the principle of the device with diagram, 
which is used to provide electricity at the proper 
voltage for household purposes. 

Briefly discuss loss of energy in it due to flux leakage 
and its minimisation. 3 


Outside Delhi Set- III 


SECTION - A 


Select the most appropriate option from those given 
below each question. 


1. 


13. 


18. 


A photocell connected in an electrical circuit is 
placed at a distance ’d’ from a source of light. As a 
result, current I flows in the circuit. What will be the 
current in the circuit when the distance is increased 
to ‘2d’ ? 


I I 
@2 5 07 @ 4! 
There are uniform electric and magnetic fields 
in a region pointing along X-axis. An a-particle is 
projected along Y-axis with a velocity v. The shape 
of the trajectory will be : 
(a) circular in XZ plane 
(b) circular in YZ plane 
(c) helical with its axis parallel to X-axis 
(d) helical with its axis parallel to Y-axis 1 
A current of 10 A is flowing from east to west in 
a long straight wire kept on a horizontal table. 
The magnetic field developed at a distance 10 cm 
vertically above the wire is : 
(a) 1.2 x 10° T, acting towards south 
(b) 2 x 10 T, acting towards north 
(c) 3 x 10° T, acting downwards 
(d) 2 x 10°T, acting upwards 1 
A uniform wire of resistance 4R is bent in the form 
of a circle. The effective resistance between the ends 
of any diameter of the circle is : 


(a) 2R (b) R (c) > (d) 4R I 
Note : Fill in the blanks with appropriate answer : 


Aneutronisbombardedona B nucleusandanalpha 
particle is emitted. The nuclear reaction involved is 


1 10 4 
on+ ~B> Het 1 


Answer the following : 

An astronomical telescope may be a refracting type 
or a reflecting type. Which of the two produces 
image of better quality ? Justify your answer. 1 


31. 


33. 
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20. 


23. 


29. 


30. 
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(a) We feel the warmth of the sunlight but not the 

pressure on our hands. Explain. 

(b) Which out of wavelength, frequency and 
speed of an electromagnetic wave does not 
change on passing from one medium to an- 
other ? 

(c) A thin ozone layer in the upper atmosphere is 
crucial for humans' survival on earth,why? 3 

An object is placed in front of a concave mirror 

of focal length of 12 cm. There are two possible 

positions of the object for which the image formed 
is three times the size of the object. 

(a) Draw the ray diagram for the each case, and 

(b) Find the distance between the two positions of 
the object 3 


55/4/3 


What is the change in the value of angle of dip 
when one goes from the equator to the north pole 
of earth ? 1 


A charged particle (+q) moves in a uniform electric 


field (E) in the direction opposite to E. What will 
be the effect on its electrostatic potential energy 
during its motion ? 


SECTION - B 


A wire of length L, has a resistance R,. It is gradually 

stretched till its length becomes 1.5 L,. 

(a) Plot the graph showing variation of its resist- 
ance R with its length / during stretching. 

(b) What will be its resistance when its length 
becomes 1.5 L, ? 2 

You are given three capacitors of 2 uF, 3 uF and 4 uE 

respectively. 

(a) Form a combination of all these capacitors of 


equivalent capacitance a uF. 


(b) What is the maximum and minimum value of 
the equivalent capacitance that can be obtained 
by connecting these capacitors ? 2 


SECTION - C 
(a) How are electromagnetic waves produced ? 


Depict an electromagnetic wave propagating in 
Z-direction with its magnetic field B oscillating 
along X-direction. 
(b) Write two characteristics of electromagnetic 
waves. 3 
A concave mirror forms a real image of an object 
kept at a distance 9 cm from it. If the object is taken 
away from the mirror by 6 cm, the image size 


reduces to T th of its previous size. Find the focal 


length of the mirror. 3 
Draw the labelled diagram of an AC generator. 
Briefly explain its working and obtain the expression 
for the emf produced in the coil. 3 


OULU) 
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SOLUTIONS 


Delhi Set - I 


SECTION - A 


1. (a) v tanð = c 
2. (d) optical signals 
3. (c) L is large and R is small 


4. (b) | 


p 


À —— 


5.(a) Forward bias and energy gap of the 
semiconductor. 


6. (b) /2 r 
7. (a) Net charge enclosed and permittivity of the 
medium 


8.(b) 3:4 
9. (a) 1 


10. (b) 

11. Potential 

12. Resistivity 
13.2:1 

14. Conductivity 
15. Rectify 


16. Current sensitivity is defined as the deflection 0 per 
unit current. 


17. Electric field in Y axis. Electromagnetic wave 
propagation along positive X-axis. So, the magnetic 
field is along Z axis. 


Electric field 






X 
.M. wave 
propagation 


Ma netic 
fiel 


18. (i) For constructive interference, Ax = mÀ 


(ii) For destructive interference, Ax = (m + 1⁄)ÀA 


19.e = gA 
dt 


it —> 


Induced 
emf 


| 


55/5/1 
OR 
z 
FO 
20. Shape of trajectory will be circular. 
OR 


= LI I, = Holl, 
NO 2n(L+L) 4r 


SECTION - B 


21. An electric dipole AB consisting of charge +q and -q 
and of length 2a is placed in uniform electric field E 
making an angle 0 with the direction of electric field. 








F,=-qE 


Force acting on — q is -gE 
Force acting on + q is gE 
These two forces are equal and opposite to each 
other. Hence, a torque on the dipole is developed. 
Torque = Force x perpendicular distance between 
the forces 
Or, t=gE x 2asin0 
Or, “= (q x 2a)E sin0 
t = PE sin0 (where P is dipole moment) 

Dipole will attain stable equilibrium when it will be 
oriented along the direction of electric field. 

OR 
A capacitor is connected across the terminals of a 
d.c. battery. 
The energy stored on a capacitor is equal to the 
work done by the battery. 
Parallel Plate 
capacitor 





Work done to move a small amount of charge dQ 
from the negative plate to the positive plate of the 
capacitor is equal to V dQ, where V is the voltage 
across the capacitor. 
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dU = VaQ = Š aQ 








1 10? 1 
.. Energy stored = U = [VdQ =<] QdQ = > = PC V 





Incident 
wavefront 


...(i) 
Energy density is defined as the total energy per 
unit volume of the capacitor. 








For a parallel plate capacitor, P, 
C _ Ae 
d 
Putting in eqn (i) @ 
1 Az... E vy Ref d 
U=— 0V4 = = Ad — V, <V2 efracte 
2d 2 d wavefront 
U =“ Ad F? | putting VE 24. Total BE of P = 240 x 7.6 = 1824 MeV 
2 d BE of Q = 110 x 8.5 = 935 MeV 


BE of R = 130 x 8.4 = 1092 MeV 

Total BE of Q and R = (935 +1092) = 2027 MeV 
Total energy released in the fission = 2027 — 1824 

= Energy density = 203 MeV 

25. (a) Planck’s constant can be determined from the 


22. 
| | Gammarays —  [Radiowaves gracias of the Gy 
c 
Origin Nuclear decay Lightning Gradient = A 


From hottest and most | From broadcast h = Planck's constant 

energetic objects in | radio towers, c = Velocity of light in vacuum 

e = Charge of electron 

Gradient to be measured from graph. The values of 
c and e are known. Hence, h can be determined. 


A X d = Volume of space between plates 
So, energy stored per unit volume 
u = Sp; E? 
Ad 2 





the universe, such as | cell phones and 
neutron stars, pulsars, | radars. 


supernova explosions, (b) If distance between source of light and surface of 
and regions around metal A is increased, the intensity of incident light 
black holes decreases. But stopping potential does not depend 
- - x on the intensity of the incident light. So, the 
Applica- | In radiotherapy, ster- | In fixed and stopping potential will not be affected. 
tion ilisation and disinfec- | mobile radio com- 26. In Bohr model of Hydrogen atom, electron is 
tion munication, radar modeled as a point negative charge rotating in a 
Toth I circular orbit about a fixed axis about a nucleus. 
asua kau 3 orbital angular 
tion systems, momentum L 
communications L 
satellites, com- 
puter networks y 
. | L, 
23. (a) Intensity of the light at the output of J = J 
since one component of light will be blocked. 
(b) When this polarised light is passed through P,, 
M 
the intensity of light at its output (I,) will be 
. *o . . . Magnetic moment M, 
varying (0 to > and again to 0) if P} is rotated. narugesnade: 
OR r = radius of the orbit 
v = velocity 
Wavefront : Wavefront is an imaginary surface over e = charge of electron 
which an optical wave has a constant phase. m = mass of electron 
I I ; circumference 
Refraction of light from denser medium to rarer Time period (T) =———_—__ =2rr/v 
medium : velocity 
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Current(i) = = = = = = 
v 


The magnetic moment due to a current loop 
enclosing an area A is given by: 








M, = iA = — hey nr’ = 
2 zr 2ar 2 2m 


L = Angular momentum = mvr 


So, M, = aoe 
m 


27. The width of the central bright band = 2D <a 


where d = width of the slit. 
(i) As the width of the slit is doubled, the size of the 
central diffraction band will be half. 
(ii) Intensity of central bright band is proportional 
to d. 
So, the intensity will get quadrupled. 


SECTION - C 


It is the property of | The resistivity is defined 
material due to which | as the resistance of a ma- 
it opposes the flow of | terial of 1 metre length 
electricity through the | and 1 square metre area 
conductor of cross section. 


Unit: Ohm Meter 
Symbol : R Symbol : p 


Length, cross-section 
area of conductor and 


Depends on temperature 
and material of the con- 


temperature ductor 
(b) For resistor R4 
Resistivity = pı 
Length = L 
Area = A, 
L 
. R = — 
1 = P A 


. 1 
For resistor R, 


Resistivity = p> 


Length = L 
Area = A, 

L 

R, =p, x— 

2 PeX 


2 
For the equivalent resistor 


Resistivity = p 
Length = L 
Area = À = A) + A, 


L 
R=px— 
PA 


Since the resistors are connected parallel 
RR, 
R +R, 





Equivalent resistance = R= 





29. 


30. 


31. 


<. p = Effective resistivity SBP er (A, +A,) 





pA, +p.;A, 
The energy of the n™ state of Hydrogen atom 
E, = — eV 
H 


For ground state, n = 1 
When atom is in first excited state, n =2 
Bea gy 
2 
Now, the de Broglie wavelength associated with an 
electron is 


h = Planck’s constant 
p = Momentum of electron 
m = Mass of electron 


p= 2mE 


es 
p 
Or = k W 
2mE 
-34 
Or, ime 6.6 x 10 


V¥2x9.1x107 x3.4x1.6x107" 


_ 6.6x 10 x 10” 
9.95 


=66 A° 


= 0.66 x 10° 


(a) Decay constant : Let the number of nuclei of 
a radioactive substance present at any time ne 
N. Decay of number of nuclei (AN) in a small 
interval of time (At) is proportional to N and At. 

AN oc NAt 

Or, AN = — À NAt 

The proportionality constant À is known as the 

decay constant. 

(b) Half-life = 4.5 x 10? years 

Mass number = 238 

_ 0.693 0.693 


T 45x10° 


_ 10x 6.02x 102 
238 





per year 


N 


Hence, the activity, A = AN 
23 
Or, me 0.693 x 10x 6.02 10 
4.5x 10 238 


-. A = 0.0039 x 10” = 3.9 x 104 per year 

Solar cell : A solar cell is an electrical device that 
converts the energy of light directly into electricity 
by the photovoltaic effect. Solar cell is a p-n junction 
fabricated from silicon. The energy conversion 
consists of absorption of light (photon) energy 
producing electron-hole pairs in the p-n junction 
and charge carrier separation. 
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I-V Characteristics: 


I 


VN 


C 


Current 


Voltage Voc 


Solar cell I-V characteristic curves are graphs of 
output voltage versus current. 

Voc : This is the maximum voltage that the array 
provides when the terminals are not connected to 
any load (an open circuit). 

Lc : The maximum current provided by the PV 
array when the output connectors are shorted 
together (a short circuit condition). 

Working of solar cell : A solar cell is a junction of 
n-type silicon (blue) and p-type silicon (red). 


e 


n- tvpe Photon 
or ep 
@ Electron 


It generates electricity by using sunlight to make 
electrons move across the junction between the 
different types of silicon : 










1.When sunlight shines on the cell, photons 
bombard the upper surface. 


2. The photons carry their energy from n-type layer 
to p-type layer through p-n junction of the cell. 


3. The photons transfer their energy to electrons in 
the p-type layer. 


4. The electrons use this energy to move across the 
barrier into the n-type layer and flow out into the 
circuit. 


5. This flow of electrons through the circuit gives 
rise to flow of current in the external circuit. 


OR 
A centre-tapped full wave rectifier system consists of : 
1. Centre-tapped Transformer 
2. Two Diodes 
3. Resistive Load 


[ 31 


D, 
= 
AC input S 
[L 
enter 
ta 
pped D, 
transformer 


Centre-tapped Transformer : It is a normal 
transformer with an additional tap in the 
secondary winding known as centre tap. Centre 
tap is always at zero potential. For one half cycle 
of AC voltage applied to the primary coil, one 
end on the secondary coil positive potential 
is developed and at the other end a negative 
potential is developed. For the other half cycle, 
the polarity get reversed. 


When AC voltage is applied to the primary coil, 
during the positive half-cycle, the terminal A is at 
positive potential, centre-tap is at zero potential 
and terminal B is at negative potential. During this 
cycle, the diode D} is forward biased- and causes 
current to flow through it. During this time, diode 
D, is in reverse bias and does not conduct. The 
current flow path is shown below. 





During the negative half-cycle of the input 
AC voltage, terminal B is at positive potential, 
centre-tap is at zero potential and terminal A is at 
negative potential. During this cycle, diode D, is 
reverse biased and causes current to flow through 
it. During this time, diode D; is in reverse bias and 
does not conduct. The current flow path is shown 
below. 





As a result, the current flow through the load 
resistance is unidirectional for the complete cycle. 
Hence, the output is a DC voltage. 

The output waveforms are as follows : 
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or 


nome ZA LAD 
N SF Mx NZ 
For D, n ry Z /\ t 
orbs nant LY X PX a 
“am AAAA 


output 


32. (a) The instrument is called compound microscope. 
(b) Power of objective = Po = 100 D 


1 
| qoo 1cm 


Power of eyepiece= Px = 50 D 
i= a =2cm 
50 


Length of tube = L = 25 cm 
D = least distance of distinct vision = 25 cm 
Magnification = = x ae 


fo fe 


Magnification = = x = = 125 


33. (a) r. 





x 


When q, is placed, potential at r, = V, = kå 


hn 
Potential energy when q, is placed at r, 
q 
= U,=q,V, = kq, ~ 
r 
When g, is placed, potential at 7,=V, =k 3: 
r 


Potential energy when gq, is placed at r, 
q 
= U,=q,V,= kq, — 
n2 
Potential energy of the system 
, aka. Q hb 
n2 n n2 


(b) An external field E is applied on the system : 

qı and q, are two charges located at r; and r,. in an 
external electric field (E). 

Work done in bringing q; from infinity to r; = W, = 
NVa 


Work done on q, for bringing it from infinity to r, 
against the external field (E) = W, = q2V.> 

Work done on q, against the field due to 
q, = W, = 1a 


ATEN 





(ri2 = distance between q, and g3) 


So, the potential energy of the system = W, + W, + 
Wp 


LI = qV, + q,V, + Affe 
l ° ATE 
34. Given, 
2 10 2 
Area = A = 10 cm“ = ——m 
10000 


Resistance = R = 10 Q 
From the graph, change in current = 0.4 A 
Change in time = 1.0 s 
(i) Total charge passed through the loop 
= current x time = 0.4 x 1.0 = 0.4 C 


y Aó 
ii) |e| = — 
(ii) [e= 
Or, iR= Š 
At 
Or, 04x10 = 4? 
1.0 
.. Change in flux = Aq = 4 Wb 


mm. ,AB 
(iii) lel =A 7G 


Or, iR = ad’ 
At 
Or, 0.4x10 = 10 AP 
10000 1.0 
-AB = 4000 T 


SECTION - D 


35. (a) Focal length of mirror : When rays of light 
parallel to the principal axis of a mirror is incident 
on it, the rays after reflection, either converge 
at a point or appear to diverge from a point. The 
distance of that point from the pole of the mirror is 
known as the focal length of the mirror. 

Relation between focal length and radius of 
curvature: 

A ray of light BP” travelling parallel to the principal 
axis PC is incident on a spherical mirror PP’. It 
reflects along P’R. 

For concave mirror, it passes through the focus . 
For convex mirror, extending the ray backward it 
appears to pass through the focus. 

P is the pole and F is the focus of the mirror. 

PF = f. 

C is the centre of curvature. 

PC = radius of curvature = R 

P’C is the normal to the mirror at the point of 
incidence P’. 

For concave mirror, 
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(b) 


Position 1 Position 2 





Screen 





ZBP’C = ZP’CF = 0 (alternate angles) 
and ZBP’C = ZXZCP'FEF = 0 


(law of reflection, Zi = Zr) For position 1: 








Hence ZP’CF = ZCP’F P 
<. A FP’C is isosceles. v = 80 -x 
Hence, PF = FC 1 1 1 . 
If the aperture of the mirror is small, the point P’ is x 80x f my 
very close to the point P, For position 2: 
then PF = PF u = — (x + 20) 
! PF = FC v = 80 —- (x + 20) 
1 1 1 1 . 
1 a .. (ii) 
= 2 pc —(x+20) 80-(x+20) f 
1 Comparing equations (i) and (ü) 
t=. 1 1 1 1 
2 ae = eee 
(b) YC = 60° -x 80-x -(x+20) 80-(x+20) 
ZB = 90° ee 1 1 
ZA = 30° Or -x 80-x -(x+20) -x+60 
~. Angle of incidence at the face AB = 30° 80-x+x  —x+604+x+20 
1 _ sin30° By x(80—x) (x + 20)(—x + 60) 
V3 sine I 
Or, x(80 — x) = (x + 20 )( — x + 60) 
Or, sine= V3 sin 30° = V3 x 1/2 = 0.87 Or, 80x = 40x + 1200 
o e = sin 10.87 = 60.46° r. x = 30 cm 
Now, the prism is immersed in a liquid of refractive Putting the value of x in equation (i) 
index 1.3. 1 1 1 
The refractive index of the surrounding medium is -30 50 f 
now greater than that of air but less than that of the 
medium of prism. Now, the angle of emergence be Or, 8 1 
less than 60.46° 150 f 
"> 150 = 1875 
(a) Resolving power is the ability of the telescope to J= 7 er al 


distinguish clearly between two points whose ee 
36. (a) Power dissipation = P = V Lu COS $ 





angular separation is less than the smallest angle RMS RMS 
that the observer’s eye can resolve. R 
cos) = —. 

Resolving power of a telescope = R= — Z 

1.224 T 
where, a = diameter of the objective and a A a. 
À = wavelength. cos $ = 0 
(i) When wavelength of the light increases, the as P = V. Lv cos 0 = 0 

resolving power of the telescope decreases. Thus, ideal inductor does not dissipate power in 

(ii) When diameter of the objective increases, the ae saqi 


resolving power of the telescope increase. 
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(b) (i) Inductive reactance = X, = 2zfL 





TA 
anf 
From graph f = 100 Hz 
X = 20 Q 
° = SL. = = = 
SL zni 2mx100 0.032 H = 32 mH 


(ii) Power dissipation is maximum when 








1 
2nfL = 
d 2 zfC 
f = 300 s7} 
L = 0.032 H 
2nfL = 1 
2 zfC 
Or 2n x 300 x 0.032 = — | _ 
27x300 xC 


-~ C = 8.8 x 10°F = 8.8 uF 
OR 
(a) (i) e = 1⁄4 BoL2 
So, eco 


So, the graph is: 






Induced emf 


Angular Frequency 


(ii) e = %4 BoL2 
So, e < L? 


So, the graph is : 


Induced emf 


Length 


l Mrr 
(b) (i) M= OR 


uo = 40x 107 
r= 1cm = 0.01 m 
R = 20 cm = 0.2 m 


Putting the values 


47x107 x x(0.01) 


M= 
2x 0.2 
= 0.00986 x 107 H = 9.98 x 10*H 
Ai 
ii e| = M— 
(ii) le| > 
Or, |e| = 9.98 x 10* H x 5000 A/s 


.. Induced emf = |e| = 9.98 x 0.5 = 4.99 V 


37. (a) Characteristics of equipotential surface : 


(i) Potential remains the same at all the points 
on equipotential surface. 


(ii) No work is required to move a charge within 
an equipotential surface. 


(b) Point P is on the axis of the ring at a distance r 
from the centre. 


The field dE due to a small element dl is 
considered. 


Linear charge density = À 


So, charge of dl element is dq = À dl 





The perpendicular field component for the 
whole ring will be zero. 


So, dE -M ose iyt 
d d d 
kxd 
Or, dE = — r 
(x +77) 
kxdq kxAdl 
Or, E “Ji ° > \3/2 =| 2 2 \3/2 
x +r ) (x +r ) 
E kxAl —_ kxQ 


3⁄2 — 3/2 
(x? +r’) (x? +r’) 
When x >> ‘r 


E- lQ _kQ 


= (x? i. =e 
This reduces to a simple Coulomb field. In this 
case, the charged ring looks like a point charge. 
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OR 


(a) Gauss's Law : The total of the electric flux out of 
a closed surface is equal to the charge enclosed 
divided by the permittivity._ 


pm ~~ 
Eo 

Electric field due to an infinitely long straight 
uniformly charged wire : charge density = À 
P is a point where the electric field is to be 
calculated. 
r = distance of point P from the wire 
E = electric field at the point P 





A cylinder of length 1, radius r, closed at each 
end is imagined as Gaussian surface. 

ds = a very small area on the Gaussian surface 
By symmetry, the magnitude of the electric 
field will be the same at all points on the curved 


Delhi Set - II 
SECTION - A 
6. (c) 2f 
7. (d) zero 
8. (c) 3:4 


SECTION - B 


21. (a) Becquerel : One Becquerel is defined as the 
activity of a quantity of radioactive material in 
which one nucleus decays per second. 





(b) À = À, + À> 
Or, 0.693 = Ài + À. 
1/2 
_ 0.693 
oe ere 


23. (a) Since energy of the wave is dependent on the 
square of its amplitude, the classical wave 
theory predicts that if sufficiently intense light is 
incident, the electrons would absorb that energy 
to escape. There should not be any threshold 
frequency for the emission of electrons from 
metal's surface due to incident light. 

(b) According to classical wave theory, if intensity of 
light increases, the kinetic energy of an ejected 


[ 35 


surface of the cylinder and directed radially 
outward. 

E and ds are along the same direction. 

The electric flux ($) through curved surface 





=  Edscos 0 
p = Eds [--0=0°] 
ie b =E(2rnl) 
Q = ÀI = the net charge enclosed by Gaussian 
surface is 
.. By Gauss’s law, 
-8 
Eo 
Or, E(2rrl) -ļĮ& a 
Ep 0 
_ À 
LTTE, 
dV 
E =- — 
(b) T, 
[V] = Í Edr 
Or, [V] = Í (10r +5)dr 
Or, [v| = 3 + 5r | 
Or, [V| =540V 


Thus, electric potential changes by 540 V. 


55/5/2 


electron will increase. This is because the greater 
the intensity of light, the larger the energy 
of the light wave striking the metal surface, 
so electrons are ejected with greater kinetic 
energy. However, it cannot explain the increase 
of number of ejected electrons i.e. the increase 
of photoelectric current. , with the increase in 
intensity of incident light. 


SECTION -C 


30. (a) Internal resistance is the resistance which is 
present within the cell that resists the current 
flow inside the cell when connected to an 
external circuit with some external resistance. 
Thus, it causes a voltage drop when current 
flows through it. 


i Internal EMF | 
i resistance i 


External resistance 
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It is the resistance provided by the electrolyte 
and electrodes which is present in a cell. So, 
internal resistance is offered by the electrodes A 
and electrolyte which oppose the current flow 


(ii) V vs. I graph 


inside the cell. 
(b) (i) V vs. R graph 


V 


Binding energy per nucleon (MeV) 


Mass number (A) 


0 50 100 150 


V 


> 





200 250 


From the graph, it is clear that it has a peak near A=60. Nuclei around this are most stable. (Example : Iron) 
The shape of this curve suggests two possibilities for converting significant amounts of mass into energy : 


(i) Fission Reactions 


From the curve, the heaviest nuclei are less stable than the nuclei near A=60. This suggests that energy can be 
released if heavy nuclei split apart into smaller nuclei. This process is called fission. 


(ii) Fusion Reactions 


The curve also suggests energy can be released from the lighter elements (like hydrogen and helium) have 
nuclei those are less stable than heavier elements up to A~60. Thus, sticking two light nuclei together to form 
a heavier nucleus can also release energy. This process is called fusion. 

In both fission and fusion reactions, the total masses after the reaction are less than those before. This “missing 


mass” appears as energy. 


Delhi Set - III 


21. 


SECTION - B 


Shortcomings of Rutherford atomic model 
Rutherford proposed planetary model of atom in 
which electrons revolve round the nucleus. 


An electron revolving round the nucleus has an 
acceleration directed towards the nucleus. Such 
accelerated electron must radiate electromagnetic 
radiation. 

But, if an revolving electron radiates energy, the total 
energy of the system must decrease. In such situation, 
the electron must come closer to the nucleus and hit 
the nucleus. Also, the radiation spectrum of emitted 
electromagnetic waves should be continuous. 


55/5/3 


However, this does not happen in an atom. Atom 
is not unstable and the spectrum is not continuous. 
Rutherford atomic model cannot explain these 
two observations. These are the shortcomings of 
Rutherford Atomic Model. 

To overcome this discrepancy, Neils Bohr put 
forward three postulates combining classical 
physics and Planck’s quantum hypothesis. 

Bohr’s 1* postulate provides stability to the atomic 
model. 

Bohr’s 24 postulate provides justification that 
electrons may revolve in stationary orbit. 

Bohr’s 3'd postulate provides the explanation of line 
spectrum. 
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24. The given fusion reaction is: 


“H+ 7H > 3He + jn+3.27MeV 


Amount of deuterium, m = 2 kg 
1 mole, i.e., 2 g of deuterium contains 6.023 x 102 
atoms. 


6.023 x 10” 
So, 2.0 kg of deuterium contains — x 2000 


= 6.023 x 10% atoms 
Two atoms of deuterium fuse to realease 3.27 MeV 
energy. 
So, total energy released 


= < x 6.023 x 107° MeV 


2 = x 6.023 x 10% x 10° x 1.6 x 10 19 


= 15.75 x 10!3] 


Power of the electric lamp, P = 800 W = 800 J/s 
Hence, the energy consumed by the lamp per 
second = 800 J 

So, the electric lamp will glow for 


13 
15.75x10" 5 = 0 0197 x 1013s 
800 
12 
. C e 6246.8 years 
60 x 60 x 24 x 365 


SECTION -C 


28. (a) Half-life : The half-life of a radioactive substance 


is the time required for half the number of the 
nuclei to decay. 

(b) Half-life = 4.5 x 10? years 
Mass number = 238 


0.693 0.693 
A =— = —__—__ per year 
T 45x10? 
N= 5x6.02x10” 
238 


Hence, the activity = A = AN 


0.693 5x6.02 x10” 


x 


4.5x10° 238 
z. A = 0.00195 x 10!5 = 1.95 x 1012 per year 


Or, A= 





29. Formation of depletion region : In the p-type 


semiconductor, holes are the majority carrier and 
in the n-type semiconductor, electrons are the 
majority carrier. 

When a p-n junction is formed, some of the 
electrons from the n-region which have reached 
the conduction band are free to diffuse across the 
junction and combine with holes. 

Filling a hole, makes a negative ion in p-side and 
a positive ion in the n-side. Thus, free charges get 
depleted and a depletion region is formed, which 
inhibits any further electron transfer. 


Negative ion 


detecto 


V-I characteristics 


Ue 
a5 
V> 4004 /..... 
25 200 2,000 lux . 
Dark 300] / 24 
current ia an 2500 kax Jng 
(lux) RBA 
2 
5 
ge) 
(5) 


[od 


Positive ion 


Depletion Layer 


Electron 





p region n region 
p-n Junction 
Applying forward bias, the depletion region 


reduces and again electrons can diffuse. 
Or 


Series jak 
Resistance +OU>, External 









al L. Gapacitance 
| iy Shunt Load 
Resistance | Resistance 









~ Depletion region 


Photodiode is light sensitive electronic device that 
converts light into voltage signal or current signal. 
It carries two terminals-anode and cathode showing 
Light rays reflection in Form of photo detector. It 
works normally on principle of photo generation. 


Working : In this, the photons hit the diode 
resulting in electron-hole pairs where intensity 
of photon absorption is based on photon energy 
where less in the PN junction shown, in case of 
absorption in depletion region, the hole pairs 
are removed from the p-n junction due to inside 
electric field in depletion region that makes the 
holes to move towards anode with electrons toward 
cathode forming photo current. Here, total photo 
currents and dark currents flowing with /without 
light is sum of current through photodiode. 






-5 -4 -3 -2 -l 


dark current 










30. The energy of the n™ state of Hydrogen atom 


—13.6 


2 
n 


=E, = 





For ground state, n = 1 
When atom is in second excited state, n =3 


E= e ~1.51 eV 


ae 
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Now, the de Broglie wavelength associated with an 
electron is 


y 


P 
h = Planck’s constant 
p = Momentum of electron 
m = Mass of electron 


p= 2mE 
e 
P 
h 
À = ——əp 
Or 2mE 


y= 6.6 x10 
Or, V¥2x9.1x10™ x 1.51x 1.6 x 107” 


N 6.6 x10 x10” 
i 6.631 
= 0.995 x 10°m 
= 9.95A° 
32. (a) Potential at the mid point of the line joining the 
charges Q, and —Q, is 


Vek Sey K 
ae 


2 2 
(ris the distance between Q; and -Q,) 
Ve 2kQ, _ 2kQ, 


r r 
Work done to place Q3 is W = V x Q; 


Or, w. 28.2 o, 


I, 


y 


_2k 


W 5 (Q, - Q. )Q; 


Outside Delhi Set - I 


SECTION - A 





O 
2. (b) R 


u [I 1 
3. (d) ae _ L 
4. (b) Zero 
5.(b)1:1 
6. (c) 4I 
7. (a) 2 x 107° T acting downward 
8. (c) x 


(b) Work done will be zero when V = 0 


Let us consider that a point at a distance x from 
the charge Q, where the potential will be zero. 


So, Ri _ kO, _ 





x r—x 
Or, @ % -o 
x r-x 
Or, Qi ° 
x r-x 
Or, Qi (r —x) = Qx 
Q, +Q; 
I Qr 
So, at a distance from charge Q; on the 
1 + 2 
line joining the two charges, the work done will 


be zero. 
33. (a) The instrument is called compound microscope 
because the focal length of objective lens is 
smaller than the focal length of eyepiece. 


(b) Power of objective = P, = 100 D 


f, = | m=1cm 
100 
Power of eyepiece = Pg = 40 D 
fg = l m=25cm 


Length of tube = L = 20 cm 
D = least distance of distinct vision = 25 cm 


L D 
Angular Magnification = T a 
o R 


<. Angular Magnification = = x = = 200 


55/4/1 


9. (a) Infrared region 
10. (a) Only on impact parameter 
11. 90° 
12. lower 
13. centre OR 
14. 0 
15. e7! 
16. The work done to move a charge between two 
points in an electric field is W = gEd = gV 
where q = magnitude of the charge, 
E = Electric Field, 
d = distance between the two points 
V = potential difference between the two 
points. 
Hence, work done is independent of path following by 


the particle between the two points. It only depends 
on the difference of potentials of the two points. 


measure 
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17. Magnetic declination : 


18 


19. 


20. 


21. 


22. 


It is the angle on the 
horizontal plane between magnetic north (the 
direction the north end of a compass needle points) 
and true north (the direction along a meridian 
towards the geographic North Pole). 
Angle of declination 
True North A A Magnetic North 


I 

I I 
l I 
I 


I 





. When variable frequency AC source is connected 


to a parallel plate capacitor, displacement current 
increases with increase in frequency. 
Reflecting type astronomical telescope produces 
better quality image since due to reflection there is 
no loss in intensity (D of light. 
No, a p-type semi-conductor slab cannot be 
physically Joined with a n-type semi-conductor slab 
to produce a p-n junction. 
If we physically join the two semi-conductor 
blocks, there will always be little microscopic gap or 
between the slabs due to roughness of the surfaces. 
OR 
In a forward biased p-n junction, potential barrier is 
lowered and hence the electrons and holes can easily 
cross the junction. In reversed biased p-n junction, 
the potential barrier is raised and hence the electrons 
and holes cannot easily cross the junction. For this 
reason, forward bias resistance is low compared to 
reverse biased resistance of p-n junction. 


SECTION - B 


6uF and 3uF are connected in series. Hence their 
equivalent capacitance is 2 uF. 
4uF and 2uF are connected in series. Hence their 


a 
equivalent capacitance is 3 pF. 


2 uF and $ uF capacitors are connected in parallel. 


So, the equivalent capacitance = = uF -2 x10 °F 
We know Q = CV 
C= bau x10 °F 
3 
V=3V 


= Q=12x106x3=10°C 
(a) R vs. L graph: Ñ 


[ 39 





Resistance 























O Length 


(b) When length = L, 


23. 


Area = Ag 


Resistance = R, = aay 


Ag 
When length = 2L, 





A 
Area = — 
ea > 
Then R = pE 
A 
Or, R=p aL, = 49-49. =4R, 
Ay /2 A, 
For LR circuit 
aa = . T 
R > tan = 
So, X =R 
For CR circuit 
Xc 
— = tan 45° = 
R an 
So, X. =R 


For LCR circuit 


When L, C and Rare connected in series, then actually 
three R are connected in series. Equivalent impedance 
= 3R. Thus Circuit is resistive. 
V = Vasin ot 
and I = losin ot 
(i) Average power dissipation P = VI 
P = Vosin wt X Ipsin wt 
Over full cycle 
Pave = = x a 


(ii) Instantaneous current I = [sin wt 


. (a) From surface A, electron is not emitted. So, the 


value of threshold frequency more than the 
frequency of the incident radiation. 

(b) From surface B, photoelectrons are just emitted. 
So, the value of threshold frequency is equal to 
the frequency of the incident radiation. 

(c) From surface C, photoelectrons are just emitted. 
So, the value of threshold frequency is less than 
the frequency of the incident radiation. 
Threshold frequency is defined as the minimum 
frequency of light which causes electron 
emission from a metal surface. No electron 
emission, means that the frequency of the 
light is less than the threshold frequency and 
electron emission means that the frequency of 
the light is more than the threshold frequency. 

OR 
If the frequency of light incident on the cathode of 
a photocell in increased then 
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(i) Energy of the photo electron increases 
(ii) Rate of electron emission remains same. Hence 
the current remains same. 
25.When a p-n junction is formed, the hole 
concentration is more in P side as compared to N 
side and electron concentration is more in N side as 
compared to P side. So, diffusion of charge carrier 
from lower to higher concentration continues and 
an equilibrium is established forming a potential 
barrier. The barrier produces an electric field. 
Drift of charge carriers due to the force exerted 
on charge carriers by the electric field. So, when 
a potential barrier is established, it opposes the 
diffusion of majority charge carriers from one region 
to other, but supports the drift of minority carrier. 
26. (a) Photodiodes conductin reverse biased condition 
only when a light of suitable frequency is 
incident on it. During reverse bias, the current 
is mainly due to the drift of minority charge 
carriers crossing the junction. The variation in 
intensity of light affects the minority charge 
carriers concentration and hence the reverse 
current is predominant. 
In forward bias condition, the change in 
majority charge carriers is not much affected by 
light intensity and hence the forward current 
variation is not so predominant. 
Hence, photodiodes are operated in reverse 
bias condition. 


(b) I 


OR 
(a) LED is normally a heavily doped p-n junction 
diode. The doping level in LED determines the 


colour of light emitted. 
LED is always operated in forward bias 
condition. 

(b) LED has longer life span as compared to 


conventional lamps. 
LED is extremely energy efficient device and 
may consume up to 90% less power than 
incandescent bulbs. 
27. (a) Formation of energy bands in solid : 
An isolated atom possesses discrete energies of 
different electrons. When two isolated atoms are 
brought very close to each other, then the electrons 
in the orbits of two atoms interact with each other 
and the energies of electrons do not remain in same 
level but changes from its original value. So, at the 
place of each energy level, a closely spaced two 
energy levels are created. 
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When large number of atoms are brought together 
to form a solid by interaction of electrons, a large 
number of closely spaced energy levels is created. 
These are known as bands of allowed energies. 
Between the bands of allowed energies, there are 
empty energy regions also, known as forbidden 
band of energies. 


(b) 


Yj YM) 


Conduction band Conduction band 


— — 


Forbidden band 
Eg= 1.1 eV 


` 


w, 
2 
us 
RY 
RX 
x SS 
EN 


(i) Metal (ii) Semiconductor 


SECTION -C 


28. (a) Charge placed at the centre of the hollow sphere 
is —q. Hence, a charge of magnitude + g will be 
induced to the inner surface. Therefore, total 
charge on the inner surface of the shell is + g. 
Surface charge density at the inner surface 


Total charge — +q 





' Inner surface area Anr? 


A charge of -q is induced on the outer surface of the 
sphere. A charge of magnitude Q is placed on the 
outer surface of the sphere. Therefore, total charge 
on the outer surface of the sphere is Q — q. Surface 
charge density at the outer surface 

Total charge _Q-q 


O outer z 





Outer surface area 4nry 


(b) Electric field at point lying outside the sphere at a 
distance r from the centre of the sphere : 


Applying Gauss theorem 
face Charge enclosed 
E 


Or, Ex4rr’ = Q-4 





ipes 
ATr E 
OR 
(a) Electric field due to an infinitely long straight 


wire having uniform linear charge density À : 
x = distance of the point P from the wire where 
the electric field is to be evaluated 


E = electric field at the point P 
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(b) 


29 (a) 


A Gaussian cylinder of length l, radius x is 
considered. 

An infinitesimally small area ds on the Gaussian 
surface is considered. 

Electric field is same at all points on the curved 
surface of the cylinder and directed radially 
outward. So, E and ds are along the same 
direction. 

The total electric flux (0) through curved surface 
=|Edscos0 

Since E and ds are along the same direction , so 
0=0° 

So, o=E(2 tx!) 

The net charge enclosed by Gaussian surface is, 
gq = Al 

.. By Gauss’s law, 


1 
b=—q 
Ep 


1 
< —q= E(2xrl 
a (2xrl) 





Or, +1 =E(2nx) 
E0 
s E= a 
NXE, 
E 
x 
Working principle of potentiometer : The 


Potentiometer is an electric instrument that used 
to measure the potential difference of a given 
cell and the internal resistance of a cell. It is also 
used to compare EMFs of different cells. 

The potentiometer consists of a long resistive 
wire L having uniform cross-section and a 
battery of known emf V. This voltage is called 
as driver cell voltage. Two ends of the resistive 
wire L is connected to the battery terminals. This 
is a primary circuit arrangement. One terminal 
of another cell (whose emf E is to be measured) 
is at one end of the primary circuit and another 
end of the cell terminal is connected to any 
point on the resistive wire using a jockey J 
and a galvanometer G. This arrangement is a 
secondary circuit. 


V 





(b) Induced emf = lel =M— 


[ 41 


The basic working principle of this circuit is based 
on the fact that the potential drop across any 
portion of the wire is directly proportional to the 
length of the wire. 

If the current through the potentiometer is I and 
R is the total resistance of the potentiometer, then 

V=IR. 

The resistivity p and area of cross-section A are 
constant. Also, the Current I is kept constant using 
the rheostat. 


ket 
A 


v=o% = KL (where K= is a constant) 


Now, the jockey is so adjusted that for length X 
of the wire there is no current flow through the 
galvanometer. 

So, E = KX 

K is known, X is measurable by a scale. So, E can be 
evaluated from the equation. 

When EMF of two cells are to be considered, then in 
the above similar way 


E, = KX 


(b) Potential gradient =k = 2 =0.5 V/m 


re 
When E, and E, are joined with same polarity, then 


700 
E —E, =kx—=3.5V (1 
es Yar cia 100 (1) 
When E, and E, are joined with opposite polarity, 


then 


100 
ae rota ea ...(2) 
Adding eqns (1) and (2) 
2E, = 10.5 V 
E, = 5.25 V 
Subtracting eqn (2) from eqn (1) 
2E, = 3.5 V 
E, = 1.75 V 


30 (a) In self inductance, the change in the strength of 


current in the coil is opposed by the coil itself by 
inducing an e.m-f. 
In mutual inductance, a pair of coils are involved. 
If current changes in one coil, the other near by coil 
opposes the change by inducing an e.m.f. in itself. 


dI_ 05 


=2x— — = 
dt 100x10 ° 
Induced emf = lel = a 


__ 4 
100x10 


dọ = change in flux = 5 x 100 x 10 ~°= 0.5 Wb 


31. Working of a step down transformer : 


A step down transformer convetts a high voltage at 
the primary side to a low voltage at the secondary 
side. 
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Transformer work on the principle of “Faraday’s 
law of electromagnetic induction”. 


The emf induced is determined by the number of 
turns in primary and secondary windings. This 
ratio is called as Turn Ratio. 


The voltage reduction capability of step down 
transformers depends on the turn ratio of the 
primary and secondary coils. As the number of turns 
in secondary coil is kept less as compared to the 
number of turns in primary coil, so the amount of 
flux linkage to the secondary coil of the transformer 
is less compared to the primary coil. Accordingly, 
the emf induced will be less in the secondary coil. 


Ns _ Vs 


N, vp 
Here, 
N, = number of turns in secondary coil 


N, = number of turns in primary coil 


V, = Voltage in secondary coil 
Vp = Voltage in primary coil 
The number of turns in secondary winding is 


always less than the number of turns in the primary 
winding of the transformer, i.e. Np > N,. 


As the number of turns is less in secondary coil, so 
the induced emf (output voltage) in the secondary 
coil will be less than the primary input voltage. 


Laminated iron core is used in transformers to 
reduce the Eddy current which prevents the 
efficient transfer of energy from the primary coil to 
the secondary coil and causes energy loss in form of 
heat generation in the core. 


32. (a) Electromagnetic wave produced in some 


33. 


radioactive decay is y-rays (frequency > 
3 x 10” Hz). 


(b) Electromagnetic wave produced in arc welding 
are UV (7.5 x 101 _3 x 10! Hz) , IR (3 x 1012 _ 4.3 
x 10" Hz) and visible (4.3 x 10'* — 7.5 x 10'* Hz) 
rays. 


(c) Electromagnetic wave produced in TV remote is 
IR rays. 


AA 
(a) Ax ae where Ax = Path difference and 
Ag = Phase difference 


hest 
6 
.. Ap = phase difference = k. 2n = 2n 
6 À 6 
(b) Resultant intensity =I = I, cos? s: 
Or, I = I, cos? 
6 
Or, I=5x10 cos*= 
2 
Or, I=5x 107 Ë 


I = 3.75 x 102 Wm 2 


(c) Resultant intensity at maxima = Imax = 4p 





31 
Resultant intensity = lkesuLranr = a 
Í RESULTANT = 31, /4 = 3 
re Al, 16 
3 
“ Í RESULTANT = Tg MAX 
34. Mirror formula : = $ 1 = 1 
v u f 
Magnification =m = Ya 2 
For object P : 
up = —50 cm 
f = —20 cm 
1 1% 
ee — s 
Up u, f 
1 1 1 
a zA 2507-20 
_ 100, 
, 3 
_100 
m _ h, Up = 3 = 2 
P h Up -50 3 
For object Q : 
hg uQ 
Or h, - 
i 1 
Fu E 
Vg = 2uQ 
1l l 1 
Vg Ug Í 
[l l 1 
ZU Uo —20 
Ug = — 30cm 


So, the distance of Q from mirror is 30 cm. 


SECTION - D 


35. (a) Let us consider a solenoid, whose 
radius = a 
length = 21 
number of turns per unit length = n 
current passing through the solenoid = I. 
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Let us consider a small element dx at distance x 
from O. 


Magnetic field at P (a point at a distance r from O) is 
tu ndxla2 
3⁄2 


2|(r —x) +a | 


dB = 


Integrating 
B= É u,ndxla* 


2j (r — x) + 2] 


3/2 


Putting [ç _ x) + a | =r 


T T (i) 
2r? 
Now, magnetic moment, M = n x 2I x I x na? 
nN Xx x= TON, (ii) 
Putting in the eqn (i) 


aM uM 2M 


B= = = 
2r xm” 2rexn 2nr° 








The same magnetic field is produced by a bar 
magnet. 


Hence, a current carrying solenoid behaves like a 
bar magnet. 


(b) Magnitiude of magnetic dipole moment M with 


the circular current loop having n number of turns, 
carrying a current I and of area A is |M| = nIA. 
The direction of the magnetic dipole moment is 
perpendicular to the plane of the loop. 


Heren = 5 

I = 2A 

r = (radius) = 7 cm = 0.07 m 
<. Area = A = nr* = 3.14 x (0.07)? m? 


. Magnetic dipole moment = 5 x 2 x 3.14 x (0.07) 
= 0.154 Am? 


OR 


(a) AB and CD are two straight very long parallel 


conductors, carrying currents L and I, respectively, 
separated by a distance a. 


[ 43 


B 


1 
inwards 





B, 
outwards 


The magnetic induction due to current I, in AB at a 
Hol, 
Oma ...(i) 
This magnetic field acts perpendicular to the plane 
of the paper and inwards. The conductor CD with 
current L is situated in this magnetic field. Hence, 
force on a segment of length / of CD due to magnetic 
field B} is F, = B L1. Substituting B} from eqn (i) 





distance a is: B, 


p = Holl (ii) 


ee 
2na 
By Fleming's Left Hand Rule, F acts towards left. 


Similarly, the magnetic induction due to current L 
flowing in CD at a distance a is 


B, = Hob ..., (iii) 
2na 





This magnetic field acts perpendicular to the plane 
of the paper and outwards. The conductor AB with 
current I,, is situated in this field. Hence, force on a 
segment of length / of AB due to magnetic field B, is 


F, = BI 
Substituting B, from eqn (iii), 


paho ...., (iV) 
2na 

By Fleming's Left Hand Rule, this force acts 
towards right. These two forces given in equations 
(ü) and (iv) attract each other. Hence, two parallel 
wires carrying currents in the same direction attract 
each other and if they carry currents in the opposite 
direction, repel each other. 


Definition of 1 Ampere : 
The force between two parallel wires carrying 
up L111 

Ta 


currents on a segment of length lis F = 


Force per unit length is F = Foren oll, 
Gl 2na 


fI =L =1Aand'aä'= 1m 


Then, fe idol; s 4 zx 10” “Wa 10-7 Ne 

l 2na 27 
So, 1 A is defined as that constant current which 
when flowing through two parallel infinitely long 
straight conductors of negligible cross section and 
placed in air or vacuum at a distance of one meter 
apart, experience a force of 2 x 10” Nm. 
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(b) 


Horizontal 





Magnet 
PIVOT 


Dipole moment of the magnet = M = 3 Am” 
F = force applied at a distance 10 cm from the centre 
It is now in equilibrium at an angle = 6 = 30° 
External magnetic field strength = B = 0.25 T 
The magnet will be at rest when the total torque 
acting on it is 0. 
It means that the torque due to applied force F is 
equal to the torque due to magnetic force. 

Torque due to applied force = F x 10 
Torque due to magnetic force = MB sin 0 

= 3 x 0.25 x sin 30° 

Since, torque due to applied force F = torque due to 
magnetic force, so 


F x 10 = 3 x 0.25 x sin 30° 
= + x 3 x 0.25 x sin 30° = = x 8 x 0.25 x 0.5 
= 0.0375 N 
If F is withdrawn, the magnet will go back to its 
origial position. 
36. (a) 






$ 
x 
< 
s 


OP is the incidence ray on the prism and QR 
emergent ray. 
41, = angle if incidence 
41, = angle of emergence 
A = angle of the prism 
u = refractive index of the material of the prism. 
5 = angle of deviation 
For minimum deviation, Zr, = Zr, = Zr 


A= Zr, + Zt, 
So, A= Zr+Zr= Z2r 
Zr=2A 
Also, Zt + Zb = Zt 
A+6,=2Z1,+ Zb 
So, i= — 


Now, from snell’s law, 


ú sini 





sinr 





(b) (i) 





. i 
The critical angle = sin” r 41.3°. 
So, the ray which is incident on AB surface will be 
reflected making an angle 45°. 


The angle of incidence on AC surface is also 45°; so, 
the ray will be reflected making an angle 45°. 


The ray is incident normally on the surface BC. So, 
there will be no deviation due to refraction. 


(ii) If u = 1.4, then the critical angle = sin = = 45.23°. 
So, the ray will be refracted out from the AB face. 





Angle of incidence = 45° 








sini 
H= 
sinr 
Or, i 22" 45 
1.4 sinr 


Or, sinr = 1.4 x sin 45° = 0.99 
r = angle of refraction = 81.9° 


So, the ray will be refracted out making an angle of 
refraction 81. 9°. 


OR 


(a) Consider two thin lenses L, and L, of focal length 
fı and f, are placed coaxially in contact with each 
other. 


The lenses are so thin that their optical centers are 
assumed to coincide at point P. 
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L, L, 


An object is placed at O on the common principal 
axis. The lens L, produces an image at I, and this 
image acts as the object for the second lens L,. The 
final image is produced at I as shown in figure. 
PO = u, object distance for the first lens (L,), 

PI = o, final image distance and 

PI =v, image distance for the first lens (L,) = 
object distance for second lens (L,). 
For the image I, produced by the first lens L, 


eee 
a ae ...(1) 
For the final image I, produced by the second lens L,, 
ees 
ow P ...(2) 
Adding equations (1) and (2), 
ERR i 
Cae e ew (9) 


If the combination is replaced by a single lens of 
focal length f such that it forms the image of O at 
the same position I, then 


im, 1 





v W f .... (4) 
Comparing equations (3) and (4), 
1 1 1 
— +— = — 
hhf 
(b) Refractive index of the medium of lens = 1.5 
Power of the lens = — 10 D 
1 
Focal length of the lens = fu, = m 0.1 m = 10 cm 
In liquid, its focal length = fiiquia = — 50 cm 
According to lens makers’ formula 
teal -t 
fa Ln R, R, 
pe A js [a 1 
10 1 R R, 
u ey E (1) 
10 R R, ii 
In the liquid, 
fad ny R, R, 
Gye a 35 |b. 1. ...(2) 
-50 | n, R R, 


Dividing eqn (1) by eqn (2), 


[ 45 





1 
10 05 
ki rm 
50 n, 
Or, oe eee 
n, 10 


<. n, = Refractive index of the liquid medium = 1.36 
37 (a) Radioactive decay law : The rate of disintegration 

of a radioactive substance at an instant is directly 

proportional to the number of nuclei in the 

Radioactive substance at that time . 

N = N; *, where symbols have their usual 

meanings 

Let us consider a radioactive substance having N, 

atoms initially at time (t = 0). 

After time (t), no. of atoms left undecayed be N. 

If dN is the no. of atoms decayed in time dt, then 

according to radioactive decay law : 


AN ON 
di 
Or -N 3N .... (i) 
di 


Here, à is decay constant and negative sign indicates 
that a radioactive sample goes on decreasing with 
time. 

Equation (i) can also be written as 


aN bua 
N 


Integrating 
InN =-At+K ... (ii) 
Here, K is constant of integration 
Att = 0,N =No 
K = In No 
Substituting K in equation (ii), 
In N = -At + In No 
N 


In — — At 
N, 
Or, aN =e" 
N, 
N = No e 


(b) Half-life = (Mean life) x In2 


Or, 4.5 x 10? years = (mean life) x In 2 
9 
Or, Mean life = - years 
In2 


4.5x10° 
0.693 





Or, Mean life = | |years = 6.5 x 10’ years 


(c) No. of half lives = 5 


5 
So, ~-(5] ear fraction of mass of the 


N, \2/ 32 
radioactive substance left undecayed 
1 31 
; = up ss su 
So, fraction of mass decayed 33 32 


OR 


(a) Postulates of Bohr Model of Hydrogen atom : 


Postulate — I : The electrons revolve in a circular 
orbit around the nucleus. The electrostatic force of 
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attraction between the positively charged nucleus 
and negatively charged electrons provide necessary 
centripetal force for circular motion. 

Postulate — II : The electrons can revolve only 
in certain selected orbits in which angular 
momentum of electrons is equal to the integral 


multiple — , where h is Planck’s constant. These 


orbits are ‘known as stationary or permissible 
orbits. The electrons do not radiate energy while 
revolving in theses orbits. 
Postulate — III : When an electrons jumps from 
higher energy orbit to lower energy orbit, energy 
is radiated in the form of a quantum or photon of 
energy hv, which is equal to the difference of the 
energies of the electron in the two orbits. 
Expression for Bohr radius : 
Let us consider 
m = mass of an electron 
r = radius of the circular orbit in which the 
electron is revolving 
v = speed of electron 
— e = charge of electron 
From 1* postulate 
Centripetal force = Electrostatic force 
m 1 ë 


r Ane, r 








p- & 
E -a 
Outside Delhi Set - II 


1. 
4. 


SECTION - A 


(b) r < ym 


(c)9I 


6. (b) 1 x 10 T acting upward 


11. 
12. 
19. 


20. 


antineutrino 


Polarisation 


Angle of dip : The angle of dip is the angle between 
the direction of the earth’s magnetic field and the 
plane of the horizon. 


and 


From 2" postulate 


nh 
mor = — 


27 





=> sere 
4720212 ( ) 
Comparing eqns (1) and (2), 
1 2 nth? 
4ze mr 4z°m°r2 


nh?  4rem 





Or, r=—— x 
An’*m e 
24,2 
Enh 
.. Bohr radius = r =—— > 
nme 


(b) Shortest wavelength in Balmer series : 


L. [1-1 
A, 2° © 


a A; R 


Longest wavelength in Balmer series : 


E | 
A, oa 3 


55/4/2 


SECTION - B 


21. Consider that the resistance of a wire is R 


So, the resistance of the three parts are a R, = Rand- 
6 | 11 1 
T R , respectively. 


They are now connected in parallel combination 
across a source of voltage. 


So, the equivalent resistance Req 


R. 2 SR 6 
11 11 11 
en 
R 
Current =I=5A 
V=10V 
Applying Ohm’s law, 
10=5x L 
R 
R=550 
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SECTION -C 


30. The device used to provide electricity at the proper 
voltage for household purpose is generator. 
Principle of working of generator : 

Generator works on Faradays Law of 
electromagnetic induction. This law states that 
when a conductor moves in a magnetic field it 
cuts magnetic lines of force, which induces an 
electromagnetic force (EMF) in the conductor. The 
magnitude of this induced EMF depends upon the 
rate of change of flux (magnetic line force) linkage 
with the conductor. This EMF causes a current to 
flow when the conductor circuit is closed. 

Coil p 






Permanent 
Magnet 


Quite often there remain air gap between the 
magnetic poles and the armature. Leakage flux 
occurs here causing the loss of energy and hence 
loss in efficiency of the generator. 

To reduce the flux leakge : 

(i) Air gap to be minimised 

(ii) Curvature of magnetic poles is made same to 
the curvature of the rotating armature. 

31. (a) The sun outputs about 1300 watts per square 
meter (W/m?) in space near the earth, which 
gets reduced to around 650 W/m’ after through 
the atmosphere. So, the amount of heat is quite 
realisable. 

The forces generated by solar radiation is generally 

too small to be noticed under everyday life. The 

radiation pressure of sunlight on earth is equivalent 
to that exerted by about a thousandth of a gram on 

an area of 1 square metre . It is approximately 10 

uN/m?. Hence, it is negligible. 

(b) Wavelength and velocity of electromagnetic 
wave change from one medium to another 
medium. 

(c)Ozone layer absorbs biologically harmful 
ultraviolet radiation coming from the sun. 
Hence, it is crucial for humans' survival on earth. 


Outside Delhi Set - III 


SECTION - A 


I 

1(b) — 

(b) 7 
2. (c) Helical with its axis parallel to X-axis 


5. (b) 2 x 10 ° T, acting towards north 


[ 47 


33. (a) When the object is placed between the pole and 
the focus, then a magnified, virtual and erect 
image is formed by concave mirror. 

A 


1 








When the object is placed between centre of 
curvature and focus then a magnified, real and 
inverted image is formed by concave mirror. 





(b) For virtual image; 
We? 
h u 
a: = — 3u 
Putting in mirror formula : 
1 1 1 
—+—=— 
v u f 
Or, 1 + 1 = Jt 
—3u u -12 
“u=—-8cm 


For real image; 
h__?%_. 
h u 
a v = 3u 
Putting in mirror formula : 
1 1 1 
Zp 
v u f 
n = —16 cm 
The distance between the two positions is 8 cm. 


55/4/3 
6. (a) 2R 

13. (n+ SB — $He+ Li 

18. Reflecting type astronomical telescope produces 
better quality images since, due to reflection, there 
is no loss in intensify of light (D. 

19. The angle of dip increases from 0° to 90° as one goes 
from Equator to north pole. 

20. Potential energy increases. 
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SECTION - B 


23. (a) R vs. L graph : 


Resistance 


























O Length 
(b) When length = Ly 
Area = Ay 


Resistance = Ry = ea 
When length = 1.5L, É. 





Area = Êo 
SS E: 
L 
ii S 
en P+ 
Or, Pt hy 
A, /15 A, 


24. (a) 2uF and 4uF capacitors are to be connected in 
series. So, the effective capacitor will be 


2x4 4 
eff — => HF 
2+4 3 
With Ceg, the 3uF capacitor is to be connected in 
parallel. So, the equivalent capacitor will be 


C 





4 

een gto | BF 

(b) Maximum value of capacitance may be obtained by 
connecting the capacitors in parallel. In that case, 
the equivalent capacitance will be, (2 + 3 + 4) = 
10uF. 
Minimum value of capacitance may be obtained by 
connecting the capacitors in series. In that case, the 
equivalent capacitance will be Cz. 


LT Wik 1 13 
— =—+—+—=— 
Mm 2”3 4 12 
a 

13 


SECTION - C 


29.(a) An electromagnetic wave can be created by 
accelerating charges; moving charges back and 
forth. 


Electromagnetic wave propagating along the Z-axis : 


"C. 


The magnetic field B will be along X-axis 
B, =B,sin[kz—of] 


The electric field E will be along Y-axis 


X 
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Ey = E,sin [kz—ot] 
Y 


(b) Characteristic of electromagnetic waves : 


(i) No medium is required for the electromagnetic 
wave to travel through. 


(ii) An electromagnetic wave, although it carries no 
mass, does carry energy. It also has momentum, 
and can exert pressure (known as radiation 
pressure). 


(iii) The energy carried by an electromagnetic wave 
is proportional to the frequency of the wave. 


30. For the 1* position : 
Object distance = u, =-9cm 
Image size = h, 
Object size = h, 


Using mirror formula 


1 1 1 
eS E 
u v f 
oee ees () 
D0, T 
PAP h v 
Magnification = —=— 
h u, 
For the 2"? position : 
Object distance = u, = — 15 cm 
Image size = h, = Ç 
Object size = h, 
Using mirror formula 
Lpd 
u v f 
Op edateak O OOOO Oa (ii) 
15 v f 
1 
Magnification = — = —=— 


1 h, u, 


Or, nz. 
4u, u, 

5 

Or, V, =v 
r 2 79°! 


Comparing equations (i) and (ü), 
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32. 





2 sete m 
15 9 Oy Q, 
Or, _ 2 = 12 = 1 
45 5v 2, 
a ei 
45 5o, 
63 
v = —— cm 
2 
Putting in eqn (i), 
seu ae 
9 6 f 
Or, a = 2 
7 f 
<. f = focal length = -7 cm 
AC generator : 
Construction : 


A coil of n turns rotates (called armature) between 
the magnetic poles by the means of an external 
agent (steam, running water, etc). The ends of the 
coils are connected to an external circuit through 
the means of carbon brushes and slip rings. 


[ 49 


Principle of working : 

AC generator wotrks on the principle of Faraday's 
Laws of electromagnetic induction. According to it, 
when there is change of magnetic flux through a 
conducting loop, an emf is induced across the ends 
of the loop. 


_ 4 
dt 


e= 


Working : 

The strong magnetic field is created between the 
poles. The coil ABCD is rotated by external means 
in this field. As the coil rotates, the angle between 
the magnetic field and the coil changes which 
induces an alternating emf. The ends of the coil is 
connected to an external circuit by the means of 
carbon brushes (B, & B,) and slip rings R, & R,) . 
When the external circuit is closed, an alternating 
current flows through the coil. 

Expression of emf produced : 

B = The magnetic field produced by the magnet 
The coil be placed such that at t = 0, the angle 
between the surface area vector of the coil and the 


magnetic field be 4 : 


œ = angular speed of the coil 


Angle between surface area vector of the coil and 
the magnetic field after time t is given by: 


0 = Oo + wt 
Magnetic flux through the coil is then : 
Pg = [Bda 
Or, ®, = BAcos 0 
Or, Obs = BAcos (85+ wt) 


By Faraday’s law of electromagnetic induction, 
magnitude of induced emf through a coil of n—turns 
is given by: 


e= ete 
dt 
d 
Or , e= ¿En [BAcos (85+ wt)] 


lel = nBAwsin (0)+ at) 


OULU) 
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*Note : This Paper is Solely for Reference Purpose. The Syllabus has now been modified by CBSE for 2021 Exam. 


Time : 3 Hours Max Marks : 70 


General Instructions : 
(i) All questions are compulsory. There are 27 questions in all. 

(ii) This question paper has four sections : Section A, Section B, Section C and Section D. 

(iii) Section A contains five questions of one mark each, Section B contains seven questions of two marks each, Section C 
contains twelve questions of three marks each, and Section D contains three questions of five marks each. 

(iv) There is no overall choice. However, an internal choice(s) has been provided in two questions of one mark, two questions 
of two marks four questions of three marks and three questions of five marks weightage. You have to attempt only one of 
the choices in such questions. 

(v) You may use the following values of physical constants wherever necessary : 


c = 3 x 108 m/s 
h = 6.63 x 10% Js 
e = 1.6 x 10! C 


uo = 4r x 107 T m A7 
go = 8.854 x 10:12 C? N! m7? 
Tren = 9 x 10” N m C? 
TEy 
Mass of electron (m,) = 9.1 x 10! kg 
Mass of neutron = 1.675 x 10°” kg 
Mass of proton = 1.673 x 107 kg 


Avogadro’s number = 6.023 x 10” per gram mole 
Boltzmann constant = 1.38 x 1023 JK"! 


SECTION - À 


1. Define the term “threshold frequency”, in the context of photoelectric emission. 
OR 


= the term . in photon picture of electromagnetic radiation. 


` 


`. M LAJN A) o ci Brno nec 4 SOO Very) ee O OS. ) 
4 as ; 
-a < - - y æ = B > < (2 
= 4 oS © EXO CAYoTVA POENA a4": 2 AAC 


b ' 
KVIS raran, PE PTE TRN Q. DRAA — 


Ci 

ia iacaa nG vahl Reeqsinatey g Vo 
| I Sith on ardent aia eae 

Í o OD 
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2. When unpolarised light is incident on the interface separating the rarer medium and the denser medium, 
Brewster angle is found to be 60°. Determine the refractive index of the denser medium. 1 


Sol. 





3. In sky wave mode of propagation, why is the frequency range of transmitting signals restricted to less than 30 





MHz ? 
OR 
On what factors does the range of coverage in ground wave propagation depend ? 1 
Sol. an OM K NO N 9.4 > Ta ] a oO. “>a wr V. o MUZ S40 





4. When a potential difference is applied across the ends of a conductor, how is the drift velocity of the electrons 





related to the relaxation time ? 1 
Sol. 
5. 1 
Sol. 





Temiiol na a 
— ptt mgen 


Y iw = —— 


a se a Te Saqomaniss truest 


podut an adi sald 


daora lA as o Pte 0. wisi 
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SECTION - B 


6. Explain with the help of Einstein’s photo electric equation any two observed features in photoelectric effect 
which cannot be explained by wave theory. 2 


Sol. A Y 2S) š P S Q < Ve chy < t NAGA AS) 
AA L = — CT) A 





| 
; 
i 
7 j 
| aff ; 
> dj | | 
Di | 
sv ` K 
Bade: 


! 


` t ` 
~ 
| A € ay. N (VA xa. ZSA * a 24 LA AJ 
` Ç > + Ç 
i Ü ° D GeWonnr’ Dhar Sie OPD = > ~ 
ji 
ç 
Wi Y) ` L Va N N MAA A 
| it - ` ` LN/MO 
= ° ` À , ' 
>’ k2 T (AAJ €A‘ ezo LVA pz VSO me Ae iO) 
` 
| Ci e P) AA WSA L! TN < `x S$ . x 


7. A deuteron and an alpha particle having same momentum are in turn allowed to pass through a magnetic field 
B , acting normal to the direction of motion of the particles. Calculate the ratio of the radii of the circular paths 


described by them. 2 
Sol. Hi MaA 














8. Two bulbs are rated (P,, V) and (P,, V). If they are connected (i) in series and (ii) in parallel across a supply V, find 
the power dissipated in the two combinations in terms of P} and P}. 2 
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Sol. 2 POURS x heugi 4 = P 
! Wine “aka a S 
$ ` I 
Oa A a ~~ ¿._ ec p = V 
| Se X a ‘B's r= ç 
Ú) a 
[i EET 
t 
Ko) ues a i ` 
[ NQ Y DNA , S xA Ñ O S Qi ` 
| ` _ ` =. 
stot Waaay 9 Ry = Rak. S ATO TÉ] 
| > 
P 
Teto Š S SAS ' Sa 





Ld 
Uf. 
Ë 





| E ma 
Roast, = B 2. Crcv A Da 


9. Calculate the radius of curvature of an equi-concave lens of refractive index 1.5, when it is kept in a medium of 
refractive index 1.4, to have a power of —5D ? 
OR 
An equilateral glass prism has a refractive index 1.6 in air. Calculate the angle of minimum deviation of the prism, 
when kept in a medium of refractive index 4./2/5 . 





a 6 Ir 


NA — ao -3 
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| = pring Wa salakon 
< AK r AX Mendy | 
= 
| Sim A 
| 
| OI ae) a4 = Š < Cong a AN bee, 
| ! í k 60° ` darrov 
| ugnu 
Q 
— swt 
E pina -4 — Sin (Ss TS 
| 604+ Š. t - È r: i usc? 
| Qi So 
| < 64 kasa 2. ‘SS t 
— k] e wa 
i y (e Ace €, x Sí ch. ‘eal at cho o NY PPN A SNA = oe" 


10. State Bohr’s quantization condition of angular momentum. Calculate the shortest wavelength of the Bracket 
series and state to which part of the electromagnetic spectrum does it belong. 
OR 


Calculate the orbital period of the electron in the first excited state of hydrogen atom. 2 


j tate Hote los J on Se nme 

| KF 3. Z sapu 9K Sn ttn, “Rr not /“en inher 
L VE J] wuu 

|... Ww. s 


Sol. 








AVA N SSL = = ne g 
2 
On v we. AY 


$ 
P 
8 
A 


| 
> 
+ 
5 
ji 
¢ 
p 
F 
K 


la pa 
S ob tO) Ves Q se luiy nt "A Bye 
: r ; š | _ DE asa Jm 
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_ = " - 
"apa : 1G " 
YN i OF \ IS VLEABRAC ar CA CIS A a ty LAS x: á - CO 
| e Aae enn pt =a 
| : AEA x 
" h a - y UCA ASI Ky; F 
LT . _  _ `A U 2 
| TT 
1 


f < 3.2 A a 
| = -49STE 1 


| ee ` ivafaronad Stodishioas ef Apa sim 


11. (a) Plota graph showing variation of deBroglie wavelength (A) associated with a charged particle of mass m, 


versus ,/y , where V is the accelerating potential. 

Accs divs o s do-bvedWe's eguatiov 
J I — RT. Wes shane V 22 
— qonti 


| — 
n = > V So D D X íe. se! 
—— a R 


(b) An electron, a proton and an alpha particle have the same kinetic energy. Which one has the shortest 
wavelength? 2 


` b + 
Accor de > de- Rvee?i'e’ "ano hor caret 


i 
| 


Sol. 


Sol. 





12. Why a signal transmitted from a TV tower cannot be received beyond a certain distance ? Write the expression for 
the _s separation between the receiving and the . antenna. 2 





| Ro" an diik S. 


no dosa Haa Nro Hag evs o Yoon p baglar. “Q 
fond saca tosses Te has O buge hegg e 
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Sol. 
Cail 
(b) Give two reasons to explain why a galvanometer cannot as such be used to measure the value of the current 
in a given circuit. 
Sol | ° Le OY VANY LARA = OC ANAN LANAA — AD O $o 
| Ke e Ñ = Cua N a Quinta 
' ` Ü 
C A ay OL C OA AG ` — 
| k. x AD °. NA g£ y NRN eA ANAON eg) 
` ° a" À AA A A Y) ere =e. ` A SY, 
we see: 
š LAS AJ Lo <s . J K A MAU yum _ _ 
Q i Nor 
AS k! EA DA = `w es OJI =H 
| Ü w s w Suma / 
ALI A ii À. A N IASA ISN V Q. AR TA — 
g A & 
rAd AO 
l ONN o A Y MA = AOA ID < Os HIA TON S. 
2: te ` GJ 
Á adne AAN O L `. =a. K ia 
` 4 e Q 
5 ON V KASz9..Q (M Re & Raoceugh tho 
. O £ 4 
Ayres sak PÀ a — net Qi cuo Meada 
Y 
(c) Define the terms : (i) voltage sensitivity and (ii) current sensitivity of a galvanometer. 3 
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4 P) Ó OA u © 
A 
`w "N >; BAN e ® 

T @ 
rs S ç oN A 
D ` 
| NS So > a= ~F AK A — < ASA Y! x — = LN 
| — 





14. (a) Define mutual inductance and write its S.I. unit. 


Sol. Cy Muhd “wdustonce y oa ceil acr anan ll 


` 





(b) A square loop of side ‘a’ carrying a current I, is kept at distance x from an infinitely long straight wire 
carrying acurrent I, as shown in the figure. Obtain the expression for the resultant force acting on the loop. 
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NA S a < Sc ek S. eres, To Ñs aw Tel, ECS ` OK 
à & Ñ 
| ne U U U |. U U  .  ... 
| a ae: 
| era 
| SCs = apawan = Q DOs 
=—— - aa aL Me cae — 
— ac Cep — ee tg A ow + = ESIS A 
| pi TE 


isang, ia pes E" o Bu a a ery may 
x Qo py eN Y< ne 


` 
Q q 
mA 


be AI a L VRK C 35-4 SLAC OG AANA ort _ 





A A Wet PT AY T 
a on“ Le arnt eO) 
MEE Se 

f Bit ee a 





| Hse s ex asks 6 XQuox Lesy sts ER 


LaNa) 


15. (a) Draw equipotential surfaces corresponding to the electric field that uniformly increases in magnitude along 


pds te Ty ny panj 


Sol. 


Sol. 


with the z-directions. 


— 


oí 
a 





(b) Two charges — q and + q are located at points (0, 0, — a) and (0, 0, a). What is the electrostatic potential at the 
points (0, 0, + z) and (x, y, 0) ? 






49,0)" Co,9,42) " 
to, ha) PPNO PSS 


a I. WISE š —G) 
sia" "UN Gs) GAG (24a) 
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u . 2 ` 4 m I re 
A a\ ->s RA, TOY D - FRA > OR ye 1" , aS 


16. Using Kirchhoff’s rules, calculate the current through the 40 Q and 20 Q resistors in the following circuit : 


80V 202 
A B 
D C 
E + Wa F 
D. 10Q 


What is end error in a metre bridge ? How is it overcome ? The resistances in the two arms of the metre bridge 
are R = 5 Q and S respectively. When the resistance S is shunted with an equal resistance, the new balance length 
found to be 1.5 11, where 11 is the initial guild length. Calculate the value of S. 


[7 — H 


licm— p ) = 





Sol. 
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So < get, ~—4oty ú 


OR es 234 = O E — ÇV 








T =< 9 rere ee 
Minti NOO. uuant ` sas oseng — _ P. oo s 
jawa; RO Sam Standster _ and Or = 

—— T . Y TERI Bosra ane Se ii ee Fee 





Sank hee HOSS — w—. 
` E A 
| l pi. 


17. (a) Write the relation between half life and average life of a radioactive nucleus. 


Sol. a| ñ “C Ma Y: Ti AWG anhap Lato A — 
| - 5 


Rodion 1 š MAATE KAA a 


| > . A — 


(b) Ina given sample two isotopes A and B are initially present in the ratio of 1:2. Their half lives are 60 years and 
30 years respectively. How long will it take so that the sample has these isotopes in the ratio of 2:1 ? 3 


Sol. (b) A nihol awsaunt %2 yweercleua è ao = Na 
| DING iy C, Q OM A k i, Le Ñ xC é log =N 
ACen ` Qushi I Ne =2Nn 
| NLA da © San Y CON be Kapene Ap & àp 
| g NT g mt A = 69. C 
| l so o Àp 
| ° NA = Qn L ge”! 
| 0 
= 30 = Sab 


2) 
e 
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18. 


Sol. 





> e! C 
o G e xA p e >g 
Voy ` Yoo TH, mp 
| G i ket = Apt 


J ë — ë aaro lagt- nds p 
i asmi Ti ea es p > | 
| I s W. 
| 

d = 
° + £ 3 2 ii iñ 














N 


aati ç a A 21 te oian 
Define the term wavefront. Using Huygen’s wave theory, verify the law of reflection. 
OR 


Define the term, “refractive index” of a medium. Verify Snell’s law of refraction when a plane wavefront is 


propagating from a denser to a rarer medium. 3 
ABH Waxen a daad an ie usq ef — 
NAK OAR pra. Kn 
wa pS tsetse — 
¿ gone _ _ eres cence 


mary Gg plies amore of Gae yeaa os à 


Dy SH eyXN tintin Á : atir 


+ Ü 
$ 
É 


ooe. San 
———Is——-<— 


UL UU UL LLULLU ——a|saa—— 
k 
į 


AG is Tae 
Ku P I a maaa Pa 
ss eee i E EE Sa kawsa ' a 
a eS go vE 
A + o’ B 
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= Ax DAN Š (SAsockas the 2>sachp Surface. 
í 
bet I | ak Ü 


A A b @.! ovate A A fb 2 





Sol. 
(b) A rectangular loop of sides a and b carrying current I, is kept at a distance ‘a’ from an infinitely long 
straight wire carrying current I, as shown in the figure. Obtain an expression for the resultant force acting 
on the loop. 3 
l 
L I, 
b 
a 
a 

Sol. 


NA s VAR kt 5 
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20. (a) Describe briefly the functions of the three segments of n-p-n transistor. 


(b) Draw the circuit arrangement for studying the output characteristics of n-p-n transistor in CE configuration. 
Explain how the output characteristics is obtained. 


OR 
Draw the circuit diagram of a full wave rectifier and explain its working. Also, give the input and output 


waveforms. 
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21. 


Sol. 


Sol. 
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(a) If A and B represent the maximum and minimum amplitudes of an amplitude modulated wave, write the 


“ 
ka SE SRS fa ¿= o l 
~ 


expression for the modulation index in terms of A & B. 
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(b) A message signal of frequency 20 kHz and peak voltage 10 V is used to modulate a carrier of frequency 2 MHz 


and peak voltage of 15 V. Calculate the modulation index. Why the modulation index is generally kept less 
3 





than one ? 
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22. (a) State Gauss's law for magnetism. Explain its significance. 
(b) Write the four important properties of the magnetic field lines due to a bar magnet. 3 
OR 
Write three points of differences between para-, dia- and ferro- magnetic materials, giving one example for each. 
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23. (a) Identify the part of the electromagnetic spectrum used in (i) radar and (ii) eye surgery. Write their frequency 

















range. 
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(b) Prove that the average energy density of the oscillating electric field is equal to that of the oscillating magnetic 
field. o 3 
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24. (a) Three photo diodes D,, D, and D, are made of semiconductors having band gaps of 2.5 eV, 2 eV and 3 eV 


Sol. 





respectively. Which of them will not be able to detect light of wavelength 600 nm ? 
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(b) Why photodiodes are required to operate in reverse bias ? Explain. 3 
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SECTION - D 


25. (a) Describe any two characteristic features which distinguish between interference and diffraction 
phenomena. Derive the expression for the intensity at a point of the interference pattern in Young’s double 
slit experiment. 


(b) In the diffraction due to a single slit experiment, the aperture of the slit is 3 mm. If monochromatic light of 
wavelength 620 nm is incident normally on the slit, calculate the separation between the first order minima 
and the 3'd order maxima on one side of the screen. The distance between the slit and the screen is 1.5 m. 


OR 


(a) Under what conditions is the phenomenon of total internal reflection of light observed ? Obtain the relation 
between the critical angle of incidence and the refractive index of the medium. 
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(b) Three lenses of focal lengths +10 cm, -10 cm and +30 cm are arranged coaxially as in the figure given below. 
Find the position of the final image formed by the combination. 
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26. (a) Describe briefly the process of transferring the charge between the two plates of a parallel plate capacitor 
when connected to a battery. Derive an expression for the energy stored in a capacitor. 


(b) A parallel plate capacitor is charged by a battery to a potential difference V. It is disconnected from battery 
and then connected to another uncharged capacitor of the same capacitance. Calculate the ratio of the energy 
stored in the combination to the initial energy on the single capacitor. 


OR 


(a) Derive an expression for the electric field at any point on the equatorial line of an electric dipole. 


Sol. 
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(b) Two identical point charges, q each, are kept 2m apart in air. A third point charge Q of unknown magnitude 
and sign is placed on the line joining the charges such that the system remains in equilibrium. Find the 





position and nature of Q. 5 
(N No. = sie = 2 
| Raut LS a Den MI 9. s tA Na av ! 
| AS tan oe SYS AEM nd NaDa plow 
| = ZŠ Rm 
| > toS wha A bor, Z 2% 0-S 10D 
| ' T R 
| Wl 
| SQ -. SD O SN <l Laver Jere, 
| > ; (oes -— CASN a 6 ~g MOr AA O94 
| 
| 
| 





_— Í ee ex 2 i — 
x | Ë. = Gyo JA Qo w 


2z qy% IDK Wook wW 


n — T ——-—M 
| Se, Foz OD 2-x*% - X> oR x=im 
| sa c 
| Now Re ar QI _ a a ) A p 
| Y ve Carmo Ss ` be oki ks w 
| on - a 4 IMS w". aa 2c _ oy K dua to Yule Wur 
DSO VANE Q 
| ` 
| Ç 
| 


f____Marsci, Q _ fiers the eni SygTem te Ye in 
| Q qui Uo an] —_ i AN Deud be ploced in Wenona Hr 





kush ods tance Saw agen y N 


www.jeeneetadda.in 


TOPPER'S ANSWER - 2019 [ 71 


27. (a) Inaseries LCR circuit connected across an ac source of variable frequency, obtain the expression for its 
impedance and draw a plot showing its variation with frequency of the ac source. 


(b) What is the phase difference between the voltages across inductor and the capacitor at resonance in the 
LCR circuit ? 


(c) When an inductor is connected to a 200 V dc voltage, a current of 1A flows through it. When the same 
inductor is connected to a 200 V, 50 Hz ac source, only 0.5 A current flows. Explain, why ? Also, calculate 
the self inductance of the inductor. 


OR 


(a) Draw the diagram of a device which is used to decrease high ac voltage into a low ac voltage and state its 
working principle. Write four sources of energy loss in this device. 





Sol. 
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(b) Asmall town with a demand of 1200 kW of electric power at 220 V is situated 20 km away from an electric 
plant generating power at 440 V. The resistance of the two wire line carrying power is 0.5 Q per km. The town 
gets the power from the line through a 4000-220 V step-down transformer at a sub-station in the town. 


Estimate the line power loss in the form of heat. 5 
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UNIT -1 o CHAPTER 


j 


Electrostatics 





Syllabus 


> 


> 


> 


Electric charges; Conservation of charge; Coulomb’s law—force between two point charges, forces 
between multiple charges; Superposition principle and continuous charge distribution. 
Electric field; Electric field due to a point charge; Electric field lines; Electric dipole, Electric field due to 
a dipole; Torque on a dipole in uniform electric field. 
Electric flux; Statement of Gauss’s theorem and tts applications to find the field due to infinitely long 
straight wire, uniformly charged infinite plane sheet. 


Chapter Analysis 





List of Concepts Name =| 
Electric Field and Dipole 2Q 
(3 marks) 
2Q 
(5 marks) (3 marks) 
OR 
1 Q (3 marks) 


Gauss's Theorem and Its Applications 


NO (3 marks) 1Q 
(5 mark) (5 marks) 





TOPIC-1 
Electric Field and Dipole 


Revision Notes ei 
Electric Charge Electric Field and Dipole 
> Electric charge is the property of a matter due to which, it experiences geao 
a force when placed in an electromagnetic field. TOPIC - 2 
> Point charge is an accumulation of the electric charges at a point, Gauss’s Theorem and Its Applications 
without spatial extent. ve P. 15 
> Electrons are the smallest and lightest fandamental particles in an 
atom having negative charge as these are surrounded by invisible force known as electrostatic field. 
> Protons are comparatively larger and heavier than electrons with positive 
electrical charge which is similar in strength as electrostatic field in an electron F — . sf 
with opposite polarity. p 
> Two electrons or two protons will tend to repel each other as they carry like F*— ° e> F 
charges, negative and positive respectively. Pe— F pea 
> The electron and proton will get attracted towards each other due to their unlike 


charges. 
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> The charge present on the electron is equal and opposite to charge on the proton. Span to know 
Charge on a proton = + 1:6 x 10”? C “HE e 
and charge on an electron = -1:6 x 10" C 
Electrostatic Charge 
> Electrostatic charge means the charge is at rest. 
> Electrostatic charge is a fandamental physical quantity like length, mass and time. Electric Charges 
> Charge on a body is expressed as q = + ne Field 
> The magnitude of charge is independent of the speed of the particle. 
> Based on the flow of charge across them, materials are classified as : 


° Conductors - allow electric charge to flow freely, e.g. metals 
e Semi-conductors - behave as the conductor or insulator depending on the number of free electron and hole 
availability. e.g. silicon Scan to know 

e° Insulators - do not allow electric charge to flow, e.g. rubber, wood, plastic etc. "this tov 

> Net charge on a body is given by : 
° Charging by friction - charging insulators DE eel 
° Charging by conduction - charging metals and other conductors [s] 
° Charging by induction - wireless charging 

Charging by Induction 

> Charging by induction means charging without the 
contact. 

> On rubbing a glass rod and silk cloth piece together, 
glass rod gets positively charged whereas silk cloth 
gets negatively charged. 

> Ifa plastic rod is rubbed with wool, it becomes 
negatively charged. 

> If a negatively charged rod is brought near 
neutral metal with insulator mounting, it 






Electric Field 


repels free electrons and attracts positive Neutral(sphere) A negative rod near by 
charges on metal. separates +ve and -ve charges 
> If far end is connected to Earth by a wire, T B ict ae 

electrons will flow towards ground while š flowtothe ` F : 

positive charges are kept captive by the L mate 7 

rod. Ground 

With ro nearby the negative With rod away, the positive 

Properties of Flectric Charge end may be discharged. charges distribute evenly 
Addition of charges 


> If a system contains three point charges qı, q2 and qz, then the total charge of the system will be the algebraic 
addition of q,, q> and q3, i.e., charges will add up. 
q = 4 + q2 + ds 
Conservation of charges 


> Electric charge is always conserved. It is the sum of positive and negative charges present in an isolated system, 
which remains constant. 


> Charge cannot be created or destroyed in a process, but only exists in positive-negative pairs. 
Quantization of charges 
> Electric charge is always quantized t.e., electric charge is always an integral multiple of charge ‘e’. 
> Net charge g,,, of an object having N, electrons, N, protons and N, neutrons is : ein sss: g 
Inet = — eN, + eN, + ON, = e(N,-N,) = + ne this topie 
> Neutron (n) : m = 1.675 x 107 kg; q = 0 
> Proton (p) : m = 1.673 x 107 kg; q = +1.6 x 10” C 
> Electron (e): m = 9.11 x 107! kg; g =-1.6 x 10" C Electric Dipole 
Coulomb's Law 





> The force of attraction or repulsion between two point charges q, and q, separated by a distance r is directly 
proportional to product of magnitude of charges and inversely proportional to square of distance between 
charges, written as : 


paplhllal_ 1 lalla] 


> = —— —əh.QQ 


r 4ne, r 
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where, 

F = Force of attraction/repulsion between charges q, & q2. 
qi, 9,= Magnitudes of charge 1 and charge 2 respectively 
r = Distance between charges q4, q> 





k = Constant whose value depends on medium where charges are kept. k = i 
TE 
1 


Ase = Keọ k= ——— 
4TK'Ep 


£o = permittivity of vacuum = 8.854 x 107! F/m 
K' = relative permittivity of medium or dielectric constant. 
> For vacuum, relative permittivity, K' = 1, 
> Ase = K £ force of attraction/repulsion among two electric charges q4, q, placed in vacuum and medium is : 








F 2 (vacuum) 
ATE r2 
1 
= At (medium) 
AMEE, r 


> The unit coulomb (C) is derived from the SI unit ampere (A) of the electric current. 


> Current is the rate a at which charge moves past a point or through a region, i = a , hence 1 C=(1 A) x (18). 
f 








> The vector form of Coulomb force with rf, = unit vector from qı to q> is given as: Ny 
r => 
= a s A F, 
Pp = A2 ry and Ey = 327. ae 12 
k Anéy r? 21 Ant) r? j 12 
= = "12 
= Pa = -h2 þr 
F 21 
Principle of Superposition 
> The force on any charge due to other charges at rest is the vector sum of all the 
forces on that charge due to the other charges, taken one at a time. |y a És A 
ee oe — —  —HJ#4 - 
> The individual forces are unaffected due to presence of other charges. Ip Yq me 
a 3 
> Force exerted by q, on 93 = F13 = ! 7 He 
> Force exerted by q; on q3 = Fz i q "Í 
1⁄ 
> Net force exerted on gs is vector sum of F13 and F23 + x 
Electric field 
> The space around a charge up to which its electric force can be experienced is called E 
electric field. 
> Ifa test charge qọ is placed at a point where electric field is E, then force on Ff 
0 


the test charge is F = qE 
> The electric field strength due to a point source charge “g at an observation 
point ‘A’ at a distance ‘r’ from the source charge is given by : 
1 > 
1, 


p- —l 4 
ATE, 3 








or E= 


1 4 
Ane, r’ E W 
> The unit of electric field is N/C. \\ 


Electric field inside the cavity of a charged conductor is zero. = 


> If a charged/uncharged conductor is placed in an external field, the field in conductor is Z 


A4 


zero. 
> Incase of charged conductor, electric field is independent of the shape of conductor. 
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Electric field lines 
> Electric field lines are imaginary lines that extend from positive charge towards negative charge. 
> Direction of electric field lines around positive charge is imagined by positive test charge g; located around source 
charge. 
> Electric field has same direction as force on positive test charge. 
> Electric field lines linked with negative charge are directed inward described by force on positive test charge qo. 
> The electric field lines never cross each other. 
> Strength of electric field is encoded in density of field lines. 
Electric Dipole 
> The system formed by two equal and opposite charges separated by a small 
distance is called an electric dipole. 
> The electric field exists due to a dipole. 


> The force on a dipole in a uniform electric field is zero in both stable as well as 
unstable equilibrium. +q @ J E 
> The potential energy of a dipole in an uniform electric field is minimum for a stable ¢+----- > 
equilibrium and maximum in an unstable equilibrium. d 


Moment of Force 
> Ina dipole, when net force on dipole due to electric field is zero and center of A\ 
mass of dipole remains fixed, then forces on charged ends produce net torque A oe _ 
t about its center of mass. 6 F=qE 
+ = F dsin 0 = gE(d)sin 0 = pEsin 0 com 


tT = pxE Boq — , 


° If 0 = 0° or 360°, dipole exists in stable equilibrium state. š ; 





° If 0 = 180°, dipole exists in unstable equilibrium state. 
In uniform electric field, dipole experiences torque, net force on dipole is zero. 
In uniform electric field, dipole experiences a rotatory motion. 


In non-uniform electric field, dipole experiences torque and net force. 


v VV WV 


In non-uniform electric field, dipole experiences rotatory and translatory motion. 
° The torque aligns dipole with electric field and it becomes zero. 
° The direction of torque is normal to the plane going inward. 
Electric Dipole Moment 
> Dipole moment is a vector quantity whose unit is coulomb-meter (Cm). 


> Dipole moment vector of electric dipole is p = 9X2a between pair of charges q, — along the line. 


> For point P at distance r from centre of dipole on charge q, for r> >a, total field at point P is 


Aga 





E= 


> For point P on the equatorial plane due to charges +g and -4, electric field 
of dipole at a large distance 


1 p 


ATE, r? 








Know the Terms 


> 1 coulomb: When two point charges placed at a distance of 1 m in vacuum, repel/attract each other with force of 
9 x 10? N, the charge on each is known as 1 coulomb. 

> Electric line of force : It is a curve drawn in such a way that the tangent at each point to curve gives the direction 
of the net field at that point. 


www.jeeneetadda.in 


ó | 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


Know the Formulae 


> Coulomb’s force: F = A dilz., 


> Electric field due to point charge q: E = Klal = 
r2 ATE, 


ATE, r2 


where all alphabets have their usual meanings. 


1 





A 
2 


> Electric field due to a dipole at a point on the dipole axis : E 


> Electric field at a point on equatorial plane : E = 


1 





ibe 
TEQ r> 





> Torque on an electric dipole placed in an electric field, t = pE sin 0 


— 


4 


Objective Type Questions 


(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Q. 2. 


Ans. 


Ans. 


Ans. 


Plastic rod rubbed with fur and glass rod rubbed 
with silk 
(a) repel each other. (b) mix up with each other. 
(c) attract each other. (d) None of the above. 
Correct option : (c) 

Explanation : Rubbing a rod with certain materials 
will cause the rod to become charged. If a plastic 
rod rubbed with fur becomes negatively charged 
and a glass rod rubbed with silk becomes positively 
charged, both will attract each other. 


Electric charge between two bodies can be 
produced by 
(a) sticking. (b) rubbing. 

(c) oiling. (d) passing AC current. 
Correct option : (b) 


Explanation : The triboelectric effect is a type of 
contact electrification in which certain materials 
become electrically charged after they come into 
frictional contact with a different material. 


. Electric charges when remain at rest under the 
action of electric forces is called 
(a) electrostatic. (b) electric flux. 

(c) electric field. (d) electric field lines. 
Correct option : (a) 
Explanation: Coulomb “force, also called 


electrostatic force or Coulomb interaction, attraction 
or repulsion of charged particles or objects because 
of their electric charges. 


. Law stating that “force is directly proportional to 


product of charges and inversely proportional to 
square of separation between them” is called 
(b) Coulomb's law. 

(d) Ohm’s law. 


(a) Newton’s law. 
(c) Gauss’s law. 


Correct option : (b) 


Ans. 


Ans. 


= a (r>>>a) 
(r>>>a) 
(1 mark each) 





Explanation: Coulomb’s law states that: The 
magnitude of the electrostatic force of attraction 
or repulsion between two-point charges is directly 
proportional to the product of the magnitudes of 
charges and inversely proportional to the square of 
the distances between them. 


. Out of the following, which is not a property of 


field lines? [R] 


(a) Field lines are continuous curves without any 
breaks 


(b) Two field lines cannot cross each other 


(c) Field lines start at positive charges and end at 
negative charges 


(d) They always form closed loops. 
Correct option : (d) 


Explanation: The electric field lines may not 
always form the closed loops just like in case of a 
point charge. So, the statement is wrong. 


. If E, be the electric field strength of a short dipole 


at a point on its axial line and E, that on the 


equatorial line at the same distance, then 
(a) E, = E, 

(b) E, = 2E, 

(c) E,= 2E, 


(d) None of these. 
Correct option : (b) 


Explanation : The electric field at any axial point 
is twice the electric field at any equatorial point in 
case of a dipole, if the distance taken is same. The 
electric filed at an equatorial point is Kp/ r° and at 
axial line is given by 2Kp/r° . Their ratio will be 1: 2. 
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Commonly Made Error 


e Some students do not remember the axial electric 
field is double than that of the equatorial field. They 
write that the equatorial field is double than that of 
axial field. 


Answering Tip 


e The students should carefully remember that ratio 


of axial electric field to that of equatorial electric 
field of a dipole is 2 : 1 





(ID FILL IN THE BLANKS 
Q.1. The S.L unit of permittivity of free space is 


Ans. m° kg lgt A? 

Q. 2. The electric field lines for an electric dipole 
emerge from ................. charge. 

Ans. positive 


Q. 3 If an object attains +1 C of charge, then the num- 
ber of electrons lost by that object is .............. 


Ans. 6.25 x 10!8. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. A point charge +Q is placed in the vicinity of a 
conducting surface. Draw the electric field lines 
between the surface and the charge. 

IR [O.D. Compitt. I, II, ITI 2017] 


Conducting surface 


Ans. 





+Q 
[CBSE Marking Scheme, 2017] 1 


Q. 2. Figure shows a point charge + Q, located at a 


distance R/2 from the centre of a spherical metal 
shell. Draw the electric field lines for the given 
system. 


[CBSE SQP 2016] 


Ans. 





[ 7 


Inside 1, 
Outside 1, 
[CBSE Marking Scheme, 2016] 


Q.3. Why should electrostatic field be zero inside a 
conductor ? 


Ans. In the static equilibrium, there is no current inside, 
or on the surface of the conductor, hence the electric 
field is zero everywhere inside the conductor. 


Alternatively, 

Since the charge inside the conductor is zero, the 

electric field is also zero. 1 
OR 

Alternatively, 


Since the conductor is uncharged so the electric 
field inside it is zero. 


Q. 4. — is pre value of the angle between the vectors 
L and E for which the potential « energy of an 


electric dipole of dipole moment p , kept in an 


— 
external electric field E , has the maximum value. 


[CBSE SQP 2014] 
> > 
Ans. P.E. =- p. E = -pkEcos 9 1⁄2 
<. P.E. is the maximum when cos 0 = - 1, 
i.e. 0 = T ( = 180°). y 


[CBSE Marking Scheme, 2014] 


Q. 5. Two point charges ‘g,’ and ‘q; are placed at 
a distance ‘d’ apart as shown in the figure. The 
electric field intensity is zero at a point ‘P’ on the 
line joining them as shown. Write two conclusions 
that you can draw from this. 


ü@&— g —tpP 
dı dz 
Ans. (i) The two point charges (q, and q,) should be of 
opposite nature. VY 
(ii) Magnitude of charge q, must be greater than that of 
charge qo. Vy 
Q. 6. ‘Two equal balls having equal positive charge ‘g’ 
coulombs are suspended by two insulating strings of 
equal length. What would be the effect on the force 
when a plastic sheet is inserted between the two ? 


Ans. The force decreases. 1 


Detailed Answer : 


1 2 
The force given as F= — — 


Ane (d-t+tVK) 


decrease when a plastic is introduced, as the 
dielectric constant K for plastic is more than 1. 


will 





Q. 7. When is the torque on a dipole in an electric field 


maximum? 
Ans. The torque on an electric dipole is maximum when 
it is held perpendicular to the field. 1 
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Å Short Answer Type Questions 


Q. 1. Five charges, q each are placed at the corners of 
a regular pentagon of side 'a' 
(i) What will be the electric field at O if the charge 
from one of the corners (say A) is removed ? 
(ii) What will be the electric field at O if the charge q 
at A is replaced by -q ? 
[R] [SQP 2017] [NCERT Exemplar] 





A 
p 
EY g JB 
O 
“ 
q q 
D Ç 
i qi 
Ans. (i) s. along OA 1 
r2 
(ii) LA along OA 1 
ATE, r2 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 
(i) If a charge q is removed from point A, a negative 
charge is developed at A where electric field will be 


> > 
E A+ E fourcharges = Ü 


— 
E four charg es 


— 


> > 
Hence E fourcharges =— E A or EA 














When charge q is removed from À, net electric field 
at the centre due to remaining charges 


` + along OA 1 


4 TE r? 


— 


=> 
E four charges =|EA 

















(ii) If a charge q is replaced by charge -q at point A, 
this generates a net electric field at point O as a 
result of ig charge, so 








—2q+q 
pm aca" ie ia" 
— 
E_q= Ñ “along OA. 
ATE) 
Hence net s field at the centre 
> > > 1 g 1 q 
Ea = É qt Efurcarges= + T 
— 
E net = Ee > along OA. 1 
4nse €o r2 
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(2 marks each) 


Commonly Made Error 


e Some candidates find resultant force F as a scalar 
sum of all forces, but resultant force is equal to 
vector sum of all forces. 





Answering Tips 


e Students should apply vector sum at the place of 
scalar sum for vector quantities. 





Q. 2. An electric dipole of length 4 cm, when placed 
with its axis making an angle of 60° with a uniform 
electric field, experiences a torque of 4./3 Nm. 
Calculate the potential energy of the dipole, if it 
has charge + 8 nC. 


Ans. Torque t = pEsin 0 1⁄2 


| S 


443 = pEsin 60° = pE 


4V3 = pE? 


Hence, pE = 8 1⁄, 
Potential energy, U = -—pEcos 90 1⁄2 
or U=-8 X cos60 =-4J 1, 
Q.3. Find the expression for electric field intensity 
in an axial position due to electric dipole. [R] 


Ans. Consider an electric dipole whose length is 2a and 
centre at O. From the mid-point O, consider a point 
P at a distance r, where the electric field intensity is 
to be determined. 


“4 a +q fF 


[ o | 


— A —— a —><— (r-a) —— 





a Dios 


We have E = _ 4 





ANE) r? 
1 g ies 
Case I, E,= ——. due to positive charge 
lanes Gea P ge) 
Case II, E,= =n 1 (due to negative charge) 





4néy (r+a) 


Then, the net electric field E = E. — E, 


s.s: SPA s 
4n€y|(r—a) (r+a) 


r= _4_| (r+) -(r-ay’ 
4 


(r — a) (r + a)’ 
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TETE EE 
ANE, ( 4_ 4?) 
for, P >>> a 
Poa en dh 
ANE, | +4 
1 2xqx2axr 
p mena a iat 
ATE, rí 
1 2p 
E = —.“P N/C [-: p = 24a] 2 
ANE, r 


4 Long Answer Type Questions-I 


Q. 1. (i) Derive the expression for electric field at a 
point on the equatorial line of an electric dipole. 

(ii) Depict the orientation of the dipole in (i) stable, 

(ii) unstable equilibrium in a uniform electric 

field. [Delhi I 2017] 


Ans. Derivation of expression of electric field on 
equatorial line of electric dipole 2 
Depiction of orientation for stable and unstable 


At 


equilibrium in electric field 





(i) Let the point ‘P’ be at a distance ‘r from the mid 


point of the dipole. 
q 
L. | = — 7.2. 5 
Esl = meo (7? +a) — 
F| = = E ot 
|El Ane (1? +a?) - 


Both are equal and their directions are as shown 
in the figure, hence net electric field 


E = | -(E.q + E-q)cos0 |p Vf, 


DE 2ga 


ATE, [° +a 


na” ⁄ 


(ii) Stable equilibrium 0 = 0° 1⁄2 


Unstable equilibrium 6 = 180° 1⁄2 


Commonly Made Error 


e Several candidates derive an expression for intensity 
of electric field E at a point in the broadside position 
i.e., coaxial position, instead of that in the end- 
on position as required. Some candidates do not 
understand which derivation to write. Hence they 
write both the derivations. Many candidates are not 
able to draw the correctly labelled diagram. 


Answering Tips 


e Students should derive the expression by using 
proper vector diagram and find the resultant by 
vectorial method. 





(3 marks each) 





[CBSE Marking Scheme, 2017] 


— 
Q. 2. (i) Obtain the expression for the torque Tt 
experienced by an electric dipole of dipole 
E — 
moment P in a uniform electric field, E. 
(ii) What will happen if the field were not uniform? 
[R] [Delhi III 2017] 





— 
Ans. (i) Obtaining expression for torque t experienced 


by electric dipole in uniform electric field 2 
(ii) Effect of non-uniform electric field 1 
(i) Force on + g, F = gE 1⁄2 
— — 
Force on-q, F =—q E 1⁄2 
— 
Magnitude of torque T = qE X 2asin 0 1⁄2 
= 2qaEsin 9 

> > > 

T = pX Ë yy 


(ii) If the electric field is non-uniform, the dipole 
experiences a translatory force as well as a torque.1 
[CBSE Marking Scheme, 2017] 


Detailed Answer : 


(i) 





Consider electric dipole kept in an uniform electric 
field at an angle 0 where a dipole experience a 
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torque, so, torque generated by parallel forces gE 


will act as couple as y 
| < | = qE2lsin 0 Vp 
=pEsin@ [asp = 2ql]% 


=> > > 
|T| =| pxE | 
(ii) When the field is non-uniform, force acting on 
both ends will not be equal, hence they result in 


formation of couple and net force. With this, dipole 
experiences rotational as well as linear force. 1 


Q. 3. Two point charges + q and -2g are placed at 
the vertices ‘B’ and ‘C’ of an equilateral triangle 
ABC of side ‘a’ as given in the figure. Obtain 
the expression for (i) the magnitude and (ii) the 
direction of the resultant electric field at the vertex 














A due to these two charges. 
A 
a a 
+q -2 
B a C 1 
Ans. (i) The magnitude 
> 1 q 
E = = wk = 1 
AL ATE Ge L a 
> 1 2q 
— 1l — 1 
1⁄2 





Enet =  |(Q2E)2 + (E?) +2 2Ex Ecos 120° 


Ent = on? +6? +2x2ExE>{-1) 
Eg = 4E? + F2 _ 2F2 
Ene = E NE] = 1 45 yy 
ATE q2 
(ii) The direction of resultant electric field at vertex A 
tana = N Vf, 


Eac + EAB cos120° 


Ex 


tana = eee“ ETE as 
25 +Ex( >] v3 
2 
a = 30° (with side AC) 1⁄2 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


Q. 4. A charge is distributed uniformly over a ring 
of radius ‘a’. Obtain an expression for the electric 
intensity E at a point on the axis of the ring. Hence, 
show that for points at large distances from the 
ring, it behaves like a point charge. 

[Delhi I, II, III, 2016] 





Ans. tOr 
i S ve 
+ + 
dE 
+— x— 
OP = Va? + x? , by Pythagoras theorem 
where, a is radius of ring 
x is the distance from centre to point ‘P’ 
kdQ 
dE = 
a? +x? 
kdQ 
= — —ccos0 
aE (a* +x”) 
and dE, will be zero because all components will 
cancel out each other. 
= =. 
(a +x)” 
kdQ x 
=" ar 
G +K a +y 
ae kxdQ 
E, = J (a? rep? 
kx 
E, = (a2 + 2272 faQ 
> kQx 
š (a2 + x2)3/? 1 
Now, ifx >> a 
T: O T : 
E = ——-— , which is equal to field produced by 
ATE, 3 6 
a point change. 
..For large distance, ring behaves as a point 
charge. 1 [CBSE Marking Scheme, 2016] 
Q. 5. (i) An electric dipole is kept first to 


the left and then to the right of a 
negatively charged infinite plane 
sheet having a uniform surface 
charge density. The arrows p, and 
p show the directions of its electric 
dipole moments in the two cases. 
Identify for each case, whether the dipole is 
in stable or unstable equilibrium. Justify each 


answer. 
n, |2, 


g 


(ii) Next, the dipole is kept in 
a similar way (as shown), 
near an infinitely long 
straight wire having 
uniform negative linear 
charge density. 
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Will the dipole be in equilibrium at these two 
positions? Justify your answer. [SOP 2018-19] 


Ans. (i) p, : stable equilibrium 1⁄4 
p> : unstable equilibrium 
The electric field, on either side, is directed 
towards the negatively charged sheet and its 
magnitude is independent of the distance of the 
field point from the sheet. For position p,, dipole 
moment and electric field are parallel. For position 
px they are anti parallel. 1⁄2+1⁄2 
(ii) The dipole will not be in equilibrium in any of the 
two positions. 1⁄2 
The electric field due to an infinite straight 
charged wire is non-uniform (E o 1/r). 1⁄ 
Hence, there will be a net non-zero force on the 
dipole in each case. 1⁄4 
[CBSE Marking Scheme, 2018-19] 
Q. 6. An electric dipole is placed in a uniform electric 
field. 
(i) Show that no translatory force acts on it. 
(ii) Derive an expression for the torque acting on it. 
(iii) Find work done in rotating the dipole through 
180°. 
[Delhi Compt. I, II, III, 2014, O.D. I, II, III, 2013, 2012] 
Ans. Electric dipole of charges + q and — q separated by 
distance 2a is shown in the figure. 





It is placed in a uniform electric field at an angle 0 


. with it. > > , i . 
(i) Force on charge + q, F, = 4 E „in the direction of 


E. o <, Ys 
Force on charge — q, F, = — 7E, in the opposite 


= 
direction of E. 


<. Net translatory force on dipole = E+ E 


=> = > 
=P g E-G F = 0 
Hence, no translatory force acts on it. Vy 
(ii) But the two equal, parallel and unlike forces form a 
couple in which a torque is given by 
t = Force x perpendicular distance 
between the two forces 


[ 11 


t = gE x 2asin 0 


t = pEsin 8 
where, p = q X 2a = dipole moment 1 
(iii) Work done in rotating the dipole through 180° is 
w = faw 


180° 180° , 
W= I. td0 = pE| sin 6d0 


180° 


W = pE|-cos6],. 


W =->pE|cos 180° — cos 0°] 
W = pE[1 + 1] = 2pE 
Q.7. (i) A point charge (+Q) is kept in the vicinity of 
an uncharged conducting plate. Sketch electric field 
lines between the charge and the plate. 
(ii) Two infinitely large plane thin parallel sheets 
having surface charge densities o, and o, 
(o: > ©) are shown in the figure. Write the 
magnitudes and directions of the fields in the 
regions marked II and III. 






Ans. (i) 
Q 
1 
Induced 
charge 
(ii) (a) For region II, E; = = (0, — O>) 1⁄2 
Eo 
towards right side from sheet A to sheet B. 1⁄2 
(b) For region II, Ey = — (0, + O.) 1⁄2 
Eo 


towards right side away from the two sheets. 1⁄2 


Q. 8. Four point charges Q, q, Q and q are placed at the corners of a square of side ‘a’ as shown in the figure. Find the 


resultant electric force on a charge Q 


Q 


[CBSE Board Paper 2018] 


Q 
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Ans. 








x= - 

— ft 

_ O) Tu res due Tebk 3 au equal wilh] ange i q` | 
=> Ree auhind F j 

` — `. on 

_ E Ls oe = 





Q> 





—— HA KE < Ko 
= WISF a Want Š 
L. A Kk _ — 
L = Na bw = GEYR (a ty adaby _ 
i ü + Nl ow 3 
MM Bk + i 
Qe 
_ _ = = KOAA + (ü) 
` OSS eee 
: 29> 2 akap Fla 
E 7 a uj Kote, Cu tisy dn 


Q. 9. Three point charges q, — 4q and 2g are placed at the 
vertices of an equilateral triangle ABC of side “T as 
shown in the figure. Obtain the expression for the 
magnitude of the resultant electric force acting on 











the charge g. [CBSE Board Paper 2018] 
A 
q 
2 
B< 4 
F = JE2 + F? +2F,F.cosé 
4 a Now, 
—— | ——> — kqa2q 2ka2 
J. = P = Pp = F ...(1) 








Ans. The resultant force on the charge g at A is 
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l P P 
Now from equation (1) and (2) 


2 2 
fp = Ako F = ao ‘from eqn (1), E. = a 3 
and angle between F; and Fc is 120°, so force on g is l l 


— 2 2 ° 
E = JE? +(2F,) + 2.(2E,).F..cos120 


—  kg(-4 4kq? 4kq? 
F, = ni — > F, = ËL ...(2) = si +4F3(-5 ) = V52 = FNS 





% Long Answer Type Questions = II (5 marks each) 


Q. 1. (a) Derive an expression for the electric field E due to a dipole of length ‘2a’ at a point distant r from the 
centre of the dipole on the axial line. 
(b) Draw a graph of E versus r for r >> a. 


(c) If this dipole were kept in a uniform external electric field E,, diagrammatically represent the position of the 


dipole in stable and unstable equilibrium and write the expressions for the torque acting on the dipole in both 
the cases. [R] 
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€enecal.. . PE — Ba O O Va 
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| SR ` 

— 
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| 2 Gs aka OCs © ne! 
| > = 26 
me Z = — VE QO Me = š 
| Oh } pe ee 
L- AAN Waa eee 
| potent cat_eneagy Ê nadgeerscina — an 
Oo REE ae 
l- e a Ss 
x í4 = : — a 


_ |The denote ĉc maced an parattef fo ebe telg 


k | EARL — = 
| = Px 
cece 
_| ThT! case č v- AO 
_| — 
— D. 96 - c r> 1 SO 
< £ 


[Topper’s Answer 2017] 


Q. 2. (i) Define electric dipole moment. Is it a scalar (ii) Draw the equipotential surfaces due to an electric 
dipole. Locate the points where the potential due 


to the dipole is zero. R 


Ans. (i) Electric dipole moment : The strength of an 
electric dipole is measured by the quantity of 


or a vector quantity? Derive the expression for the 
electric field of a dipole at a point on the equatorial 


plane of the dipole. 
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electric dipole moment. Its magnitude is equal to 
the product of the magnitude of either charge and 
the distance between the two charges. 


[ 15 


cancel out. The components along the dipole axis 
add up. 
<. Total electric field 


Electric dipole moment, p = q X 2a > k 
E =-(E}, + E_,) cos 0P 


AN 


It is a vector quantity. 
= 25 [Negative sign shows that field is opposite to P ] 
In vector form, it is written as p = q X 24 p where 
i a o, ... (i) 


>a > 
the direction of 24 p is from negative charge to E = ane, (P+ ey? p 
positive charge. 


ba I I ! At large distances (r > > a), this reduces to 
Electric field of dipole at points on the equatorial 








plane : É = -2n ç .. (ii) 
4Tr£or 
a | 1 z 
|E+qg| = Amey (r +02) .. (iii) 
! = 
i q 1 ! 
EL = — <. (LV 
r . Í 4n€y (r* +a”) Ús) 
i = = 
i JE+q| = |E-4| 
P 
—> A 
p = 2qap 
e > 
p=? 3 
Aner 





The magnitudes of the electric field due to the two 
charges +q and ~q are given by, 


















V=0V 

> _q 1 
a ` 4m) (r? +a”) 12 
= 1 pe 
> | - ae Nes a 

4m (r° +a") We cinan 

S= = 

> > wa 
Enl aol Eg N 


> > 
The direction of | E+4 | and | E-, | are shown in the The potential due to the dipole is zero at the line 


figure. The components normal to the dipole axis 


TOPIC-2 


Gauss‘s Theorem and its Applications 


bisecting the dipole length. 2 





Revision Notes 


Electric Flux 


> Electric flux is proportional to algebraic number of electric field lines passing 
through the surface, outgoing lines with positive sign, incoming lines with 
negative sign. 

> Due to arbitrary arrangement of electric field lines, electric flux can be 
quantify as ¢,=EA 

> If vector A is perpendicular to surface, magnitude of vector A parallel to 
electric field is Acos 9 
Ay = Acos 0 ha E 
dg = EAy = EAcos 9 

> In non-uniform electric field, the flux will be $£= fEdA 
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Continuous Charge Distribution 


> 


> 


It is a system in which the charge is uniformly distributed over the material. In this system, infinite number of 
charges are closely packed and have minor space among them. Unlike the discrete charge system, the continuous 
charge distribution is uninterrupted and continuous in the material. There are three types of continuous charge 


distribution system. Scan to know 


more about 


AP. 
To f, a (Where, À = linear charge density) this topic 


ANE, 





For linear charge distribution (A), F = 


For surface charge distribution (0), F=— 0 Í Sr (Where, o = surface charge density) 
ANE, a7 


Gauss Theorem 





For volume charge distribution (p), F= ron f ? avr (Where, p = volume charge density) 
NEg ç rf 


Gauss theorem 


> 


k 4 


v v v v 


=> 
The net outward normal electric flux through any closed surface of any shape is equal N s 
to 1/2 times to net charge enclosed by the surface 


The electric field flux at all points on Gaussian surface is = E$ dA E 


E0 
If there is a positive flux, net positive charge is enclosed. 
If there is a negative flux, net negative charge is enclosed. E=Ẹ 
If there is zero flux, no net charge is enclosed. 
The expression for electric field due to a point charge on Gaussian surface is 





Gaussian 
surface 


pat 
Aner 





In an insulating sheet, charge remains in the sheet, so electric field, E = > 
E0 





> Gauss theorem works in cases of cylindrical, spherical and rectangular symmetries. 


=S 
> The field outside the wire points radially outward which depends on distance from wire, E = 





n , where, 
À is linear density of charge. negt 

Closed surface : It is a surface which divides the space inside and outside region, where one can’t move from one 
region to another without crossing the surface. 

Gaussian surface : It is a hypothetical closed surface having similar symmetry as problem on which we are 
working. 

Electrostatic Shielding : It is the phenomenon of protecting a certain region of space from external electric field. 
Dielectric : The non-conducting material in which charges are easily produced on the application of electric field 


is called dielectric. e.g. Air, H, gas, glass, mica, paraffin wax, transformer oil etc. 


Key Formulae 


> 
> 


> 


Electric flux through an area A : Q = E.A= EAcos 9 
Electric flux through a Gaussian surface : 0 = pEds 
; — enc 
Gauss's Law : o= 
E0 
À _ 2K 


Electric Field due to an infinite line of charge : E = 





2NEgr u r 
where, E = electric field [N/C], À = charge per unit length [C/m] 
£) = permittivity of free space = 8.85 x 107! [C2/N mł], r = distance (m), k = 9 x 10? N m? C 


1 x 
Electric field due to a ring at a distance x is: E = —.— 
ANE, (r i x?) 
When, x>>>r: E=—_.4 
ANE, x 
When x<<<r: E=0 
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> Electric field due to a charged disc : | = zl: => =| 
2eo| JR +x? 
where, 
E = electric field [N/C] o = charge per unit area [C/m2] 
£) = 8.85 x 107! [C2/Nm2J x = distance from charge [m] 
R = radius of the disc [m] 
> Electric field due to a thin infinite sheet: E= a 


A Objective Type Questions (1 mark each) 





(I) MULTIPLE CHOICE QUESTIONS 
Q. 1. A point positive charge is brought near an isolated conducting sphere in Figure. The electric field is best given 


by: 


LÆ 


wes 


———— 





(iii) 


(iv) 
(a) Fig (i) (b) Fig (iii) 
(c) Fig (ii) (d) Fig (iv) 


[NCERT Exemplar] 


Ans. Correct option : (b) 
Explanation : As given charge is + q therefore lines of forces in positive charge must be outwards from positive 


charge q. Now, as the positive charge is kept near an isolated conducting sphere, due to induction left part of 
sphere gets accumulated negative charge and right part positive, and lines of force from right part of sphere must 
emerge outwards normally. 


So, verifies the answer (b). 
As lines of force are not perpendicular to the surface of sphere, so options (b) and (d) are not true again. 
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Q. 2. Figure shows electric field lines in which an 
electric dipole P is placed as shown. Which of the 
following statements is correct? 


seis pn 
_ a rc 


—T . T .... 
fee 2 


—*— a SS 
— 


(a) The dipole will not experience any force. 

(b) The dipole will experience a force towards right. 

(c) The dipole will experience a force towards left. 

(d) The dipole will experience a force upwards. 
[NCERT Exemplar] 

Ans. Correct option : (c) 

Explanation: We know electric field emerges 

radially outward from positive point charge. 

In the figure given above, space between field 

lines is increasing (or density of electric field line 

is decreasing). In other words, the electric force is 
decreasing while moving from left to right. 

Thus, the force on charge — q is greater than the 

force on charge + q in turn dipole will experience a 

force towards left direction. 

Q. 3. A square surface of side L metres is in the plane 
of the paper. A uniform electric E(volt m"), also in 
the plane of the paper, is limited only to the lower 
half of the square surface as shown in the figure. 
The electric flux (in SI units) associated with the 


surface is: 
(a) EL? (b) EL? / 28, 
(c) EL*/2 (d) Zero 


Ans. Correct option : (d) 
Explanation : As the electric field lines are parallel 
to the surface of the square, so there will not be any 
field lines crossing the surface. Hence, the electric 
flux through the surface will be zero. 


Commonly Made Error 


e Most of the candidates are unable to Gauss's law 
correctly. They cannot use the expression to know 
the value of angle for the formula. 





Answering Tip 


e The given figure should be carefully observed to 


know that the electric field lines are parallel to the 
surface and no lines will cross the surface. 





Q. 4. A charge Q is enclosed by a Gaussian spherical 
surface of radius R. If the radius is doubled, then 
the outward electric flux will : 
(a) increase four times (b) be reduced to half 
(c) remain the same (d) be doubled. 

Ans. Correct option : (c) 
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Explanation: The electric flux passing through 
a surface depends upon the charge enclosed 
inside a surface. Since the enclosed charge 
remains same and the radius of the Gaussian 
surface is doubled, there will not be any change 
in the electric flux and it will remain same. 
Q. 5. Gauss’s law is valid for : 
(a) any closed surface 
(b) only regular closed surfaces 
(c) any open surface 
(d) only irregular open surfaces. 
Ans. Correct option : (A) 
Explanation : The Gauss’s law can only be used if 
we have a Gaussian surface enclosing the charge 
and the Gaussian surface is always closed. 


(ID FILL IN THE BLANKS 
Q. 1. The electric field due to a line charge is ............ 
proportional to the distance from the point of 
observation [RI 
Ans. inversely 
Q. 2. The electric flux through a Gaussian surface is 
seseastsocesniants of the shape of the surface. Rl 
Ans. independent 


Q. 3. When a charge Q is placed at the corner of the 
cube, the factor by which the flux of the cube 
changes as compared to it being placed at the 
centre of the cube is.......... 

Ans. 1/8 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. Draw a plot showing variation of electric field 
with distance from centre of a solid conducting 
sphere of radius R having a charge of +Q on its 
surface. [Delhi (Comptt.) I, II, III 2017] 


Ans. Field at an inside point (r < R) 


2 





[CBSE Marking Scheme, 2017] 


Q. 2. State Gauss’s law in electrostatics. 
RI [Delhi I, II, HI 2016] 


Ans. Gauss’s law in electrostatics : “The surface 


=> 


integral of electrostatic field E produced by 
any source over any closed surface S enclosing 
a volume V in vacuum, ie., total electric flux 


. 1 
over the closed surface S in vacuum, is — 
€o 


times the total charge (Q) contained inside S, i.e., 


Op = JE .4 S = Senciosea 
€o 1 


[CBSE Marking Scheme, 2016] 
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Commonly Made Error 


e Most of the candidates are unable in stating Gauss's 
law correctly. Key words like net charges, closed 
surface etc. are missed by students. Some candidates 


write magnetic flux instead of electric flux. 


Answering Tip 


e Student should keep the precaution about the 
keywords while doing the practice of Gauss law. 


Q.3. What is the electric flux through a cube of side 
1 cm which encloses an electric dipole ? 


Ans. Zero (as net charge enclosed by the surface is 
zero.) 1[CBSE Marking Scheme, 2015] 


Detailed Answer : 
In a cubic surface, the net electric charge will be zero 
since dipole carries equal and opposite charges. It is 
observed that the net electric flux through closed 
cubic surface will be 
_ Charge enclosed 
E0 


and because the charge enclosed is zero, 

. electric flux is also zero. 1 
Q. 4. How does the electric flux due to a point charge 

enclosed by a spherical Gaussian surface get 


affected when its radius is increased ? 
[Delhi I, II, III 2016] 


Ans. Electric flux remains unaffected. 1 
[CBSE Marking Scheme, 2016] 
Detailed Answer: 
There will be no effect on electric flux, when the 
radius of Gaussian surface is increased because the 
charge enclosed by the gaussian surface remains 
the same. 


ñ 





> A 
Q. 1. Given a uniform electric field E = 5 x 10° i N/C. 
Find the flux of this field through a square of side 
10 cm on a side whose plane is parallel to the y-z 
plane. What would be the flux through the same 
square if the plane makes a 30° angle with the 


x-axis ? 
Ans. Flux of this field through a square of 10 cm 1 
Flux of the square with normal making 30° angle 1 
ò = EAcos 9 1⁄2 
b = 5 x 102 x 102 cos 0° NC! m? 
b = 50 NC! m? 1⁄4 
b = 5 x 102 x 10% cos 60° NC! m? 1⁄2 
= 25 NC? m? 1⁄4 
Detailed Answer : 
Given: 
E = 5 x 10% N/C along (+) positive direction of 
x-axis. 





Short Answer Type Questions 
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The flux through Gaussian surface is given by 


d= fenc As the flux is independent of radius, so 
E0 

there will be no effect on electric flux when radius 

of Gaussian surface increases. 
[BI] Q. 5. Two charges of magnitudes -2Q and +Q are 
located at points (a, 0) and (4a, 0) respectively. 
What is the electric flux due to these charges 
through a sphere of radius ‘3a’ with its centre at 
the origin ? 
Ans. Gauss’s theorem states that the electric flux through 


1 
a closed surface enclosing a charge is equal to A 
0 


times the magnitude of the charge enclosed. 


1 





Q. 6. A charge Q is kept at the centre of the cube. What 
is the electric flux through the two opposite faces 


of the cube? 
1 2 1 


Ans. Electric flux (®) = — x — = — 
E& 6 3é, 


Q. 7. Is electric flux a scalar or a vector quantity? Give 
reason. 


Ans The electric flux is the number of electric field lines 
crossing an imaginary area. So, it is a scalar quantity. 


(2 marks each) 





Surface area, A = 10cm X 10cm 
= 0.10 m x 0.10 m 
= 102 m? 
(i) In case of plane parallel to y-z plane, normal to 
plane will be along x-axis, so = 0° 


Electric flux will be calculated using 6 = | E | A cos 0 
1⁄2 
= 5 x 10° x 107 x cos 0° 
= 50 Nm?/C 1⁄4 


(ii) Since plane is making an angle of 30° with x-axis, 
so normal to its plane will make 60° with x-axis, so 
0 = 60° 


Now finding Electric flux again with ó = | È | A cos 0 


= 5 x 10° x 10% x cos 60° lf, 
= 25 Nm2/C 1⁄4 
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2 A 
Q. 2. Given the electric field in the region E = 2xi, 
find the net electric flux through the cube and the 
[Delhi I, II, III 2015] 


charge enclosed by it. 





À Long Answer Type Questions-l 


Q. 1. Define electric flux and write its SI unit. The 
electric field components in the figure shown are : 





m 
the charge within the cube, assuming a = 0.1 m. 


E, = ox, E, = 0, E, = 0 where o = JOON | Calculate 
e 


[OD Comptt. I, II, HI 2018] 


Ans. Definition of Electric flux 1 
SI unit Vy 
Formula (Gauss's Law) 1⁄2 
Calculation of Charge within the cube 1 
Electric Flux is the dot product of electric field and 
area vector. 1 
Also accept 
SI Unit : Nm?/C or volt-meter VY; 


For a given case 


= 0, + Qz = [E,(atx = 2a)— E, (at x =a) Ja? 
= [a(2a)- (a) ]a° 


— ua 
= 100 x (0:1)? = 01 Nm Æ % 
But d= L 
£€0 
g = eh = 8:854 x 1012 x 10°C 
= 0.8854 pC 
[CBSE Marking Scheme, 2018] 


Q. 2. An electron falls through a distance of 1.5 cm in 
a uniform electric field of magnitude 2.0 x 10* N/C 


Ans. (ii) From the given diagram, 
Only the face perpendicular to the direction of 
x-axis, contribute to the electric flux. The remaining 


faces of the cube gives zero contribution. 1 
Total flux 6 = 6; + oy 
= $Eds+ Ea vs 
I II 
= 0 + 2(a). a Y, 
= 22 1, 


Charge enclosed, q = 9 = 2a°e, 


(3 marks each) 


BEDEL 


TTTTT35ESN 


Calculate the time it takes to fall through this 
distance starting from rest. 


+ 


If the direction of the field is reversed (Fig. b) 
keeping its magnitude unchanged, calculate the 
time taken by a proton to fall through this distance 
starting from rest.A & E [OD Comptt. I, II, III 2018] 


Ans. Relevant formulae 1 
Calculation of time taken by the electron 1 
Calculation of time taken by the proton 1 
We have 
Force = gE 
Acceleration 

gE 
x. 3. 
m 
Also 
s= —at* asu=0 
t = = i 
(i) For the electron 
. ⁄ 
m 
3x 10 x9.1x107) 
= -19 4 
1:6 x10 ~ x2.0 x 10 
= 2.92 ns 1⁄2 


(ii) For proton 


2 |2x1.5x10? x1.67 x107 
16x10 ~ x2xi0" 


= 0.125 us 1⁄2 
[CBSE Marking Scheme, 2018] 
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Q. 3. State Gauss's law in electrostatics. Derive an Charged wire 


expression for the electric field due to an infinitely Gaussian surface 


long straight uniformly charged wire. 


A & E [Delhi Comptt. I, IL II 2017] 


Ans. Statement of Gauss Law 1 


Derivation of electric field due to infinitely long 
straight uniformly charged wire 2 


The surface integral of electric field over a closed 





1⁄4 


1 
surface is equal to a times the charge enclosed 
In this, cylindrical gaussian surface is co-axial with 


by the surface. the wire of radius R and length I where symmetry 


Alternatively, implies to electric field generated by wire that will 
be perpendicular to curved surface of cylinder, so 
as per Gauss's law, 


E(R) x 2nRIe Vy 


Eo 
where, E(R) is electric field strength which acts at 
perpendicular distance R from the wire. 

In figure, left part shows electric flux through 
l Gaussian surface while right part shows total 
charge enclosed by cylinder which is divided by £x. 
1⁄2 
À 
2m£ R 





a Further, E(R) = 
WY 


Vy 





Here, the field points radially away from the wire 


Flux through the Gaussian surface when A > 0, and radially towards the wire when 


= flux through the curved cylindrical part of the X< Ü. 
surface 


Commonly Made Error 
= E x 2Tril 1, 


e Some candidates do not know the correct 





= , ; 1 
Charge enclosed by the surface = ee expression. Few candidates are not sure about = 
0 


= 1 
E x (2nrl) or — (dependence ot E on R). 
R 
_ M 
E0 1⁄4 Answering Tips 
À 
F 2MEgr 


e Students should practice for the application of 
Gaussian Surface then find the required electric 
field. 





1⁄2 





[CBSE Marking Scheme, 2017] 
Q. 4. A charge Q is distributed uniformly over a 


metallic sphere of radius R. Obtain the expression 
for the electric field (F) and electric potential (V) at 
a point 0 < x <R. 


Detailed Answer: 
Gauss's Law states that total electric flux over the 


closed surface S will be 1/2 times the total charge 


which is ç = Ê Eds = 1 1 Show or plot the variation of E and V with x for 
o 0 < x <2R. 
In a long straight wire with uniform charge per unit ` Ans. Expression for electric field 1% 
length À, there should be electric field generated by Expression for potential 1⁄4 
charge distribution for cylindrical symmetry. Also, Plot of graph (E vs r) 1⁄4 
field to point will radially be away from the wire. 
Plot of graph (V vs r) 1⁄2 
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1⁄, 
2R 
By Gauss's law 
> > 
ÑE d S = a 1⁄4 
E0 
q = Oin interval 0<x<R 
E =0 A 
dV 
or E=-— ¥, 
dr x 
Hence, V = constant = i Q 
4neg R 
V 
V=constant 


Vy 


1⁄2 





[Even if a student draws E and V for 0<r<R award 
1⁄2 + 1⁄2 mark] 


Q. 5. Using Gauss’s law in electrostatics, deduce an 


expression for electric field intensity due to a 
uniformly charged infinite plane sheet. If another 
identical sheet is placed parallel to it, show that 
there is no electric field in the region between the 
two sheets. [Foreign III 2017] 


Ans. Derivation of expression for electric field 2 


Proving that there is no electric field between 


plates 1 
Surface 
Z charge density o 





°° 


<— — x — .x— 1⁄, 
> — q 

By Gauss's law pE.d s =— MA 
E0 


cA 
ZA = > 


O 
Ze, 
O 
or = 2e, 
Electric field between two identical charged sheets 

S,| + + |S, 


ap 


1⁄2 


+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 
-f 
=h 


+ + + + +|+ + + 





-- Both the sheets have same charge density, their 
electric fields will be equal and opposite in the 
region between the two sheets. 1⁄4 
Hence the net field is zero. 1⁄2 

[CBSE Marking Scheme, 2017] 


Detailed Answer: 


In the figure, if o is uniform surface charge density 
of an infinite plane sheet with x-axis to be normal to 
the plane, then by symmetry, electric field will not 
depend on y and z coordinates and their directions. 
Considering Gaussian rectangular parallelpiped 
surface with cross-sectional area A, two faces 
1 and 2 will contribute to flux where electric field 
lines result as parallel to other faces which do not 
contribute to total flux. 

It is analysed that unit vector which is normal to 
first surface will be in negative x direction while 
unit vector which is normal to second surface will 
be in positive +x direction, so flux E.AS by the 
surfaces will be equal and add up. 

Hence, 

net flux through Gaussian surface = 2EA 

charge enclosed by closed surface = oA 

As per Gauss’s law, 


> — q 
P E.ds = — 1⁄4 
€o 
2gA = 94 4 
€o 
G 
p =. 
Or, 2E 2 


This shows that the electric field around an infinite 
plane of charge does not vary with distance from 
the plane. 
In terms of vector, 

> O ^ 

= 2£0 i 


where, 
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A 


n = unit vector normal to plane and going away 
from it 


5 

E = directed away from plate if ois (+) positive and 
toward the plate if o is (-) negative. 

Since the two charged infinite plates have identical 

charges, so electric field between two identical 

charged sheets will be as shown in figure : 







+ 
+ 


E> 


+ + + + +|+ + + 





+ + + + +|+ + + 


Now electric field due to surface 1 


— 
Ei = o 
2€o 
Now electric field due to surface 2 
EÉ G 
2 = —ə oÑ 1 
2€o 2 


Now the resultant electric field between the 


uniformly charged infinite plates = Ea E> , 0 = 180° 


So, E = JE? +E? +2E,E, cos 9 


= E,-E, 
ae 
2Eq 28 


Q. 6. Given a uniformly charged plane/sheet of surface 
charge density o = 2 x 10” C/cm’. 
(i) Find the electric field intensity at a point A, 5 mm 
away from the sheet on the left side. 

(ii) Given a straight line with three points X, Y and Z 
placed 50 cm away from the charged sheet on the 
right side. At which of these points, the field due 
to the sheet remains the same as that of point A 


and why ? [CBSE SQP 2016] 

X 

a 50cm 
oe 
mN 
w 

A i) At point A, E CE ee 

ns. (i) At point A, E = 2e, 2x8.85x10 
= 1.12 x 10" N/C 1% 


(ii) At point Y, Because at 50 cm, the charge sheet acts as 
a finite sheet and thus the magnitude remains same 
towards the middle region of the plane sheet. 

[CBSE Marking Scheme, 2016] 1/2 
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[AI] Q. 7. Consider two hollow concentric spheres, S, 
and S,, enclosing charges 2Q and 4Q respectively 
as shown in the figure. (i) Find out the ratio of 
the electric flux through them. (ii) How will the 
electric flux through the sphere S, change if a 
medium of dielectric constant ‘s,’ is introduced 
in the space inside S, in place of air ? Deduce the 
necessary expression. 


4Q 
S2 
S1 
Ans. According to the Gauss’s law, Vy 
= ` f enclosed 
0 =p WJ P= — 
f A 
2Q 
.. For sphere S,, flux enclosed = 0, = PSS] Vy 
0 
2Q+4 
and for sphere S, flux enclosed = 0, = a 1⁄2 
0 
6 
p- 69 
E0 
h _1 y 
Q2 3 


When a medium of dielectric constant €, is 


introduced in the space inside sphere S,, the flux 


2 
through S, would be 0,’ = = I 1 
r 
[BI] Q. 8. A hollow cylindrical box of length 1 m and 
area of cross-section 25 cm2 is placed in a three 
dimensional co-ordinate system as shown in the 


figure. The electric field in the region is given by 
= A 
E = 50 xi, where E is in NC” and x is in metres. 


Find 
(i) Net flux through the cylinder. 
1i) Charge enclosed by the cylinder. 
8 y y 
Y 


Og m—> 


Z 
Ans. (i) Given : 
=> A 
E =50x1 
and AS = 25 cm2 or 25 x 107 m? 
As the electric field is only along the x-axis, hence, 


flux will pass only through the cross-section of 
cylinder. 
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Magnitude of electric field at cross-section A, 
E, = 50 x 1 = 50 N/C. 

Magnitude of electric field at cross-section B, 
Eg = 50 x 2 = 100 N/C 

The corresponding electric fluxes are 


fo, = E.AS 


= 50 x 25 x 10% x cos 180° 


= — 0.125 Nm2/C2 1⁄4 
> > 
fos = E.AS 
= 100 x 25 x 10 x cos 0° 
= 0.25 Nm*/C? 1⁄4 
So, the net flux through the cylinder, 
fo = Po, + op 
= — 0.125 + 0.25 
= 0.125 Nm’/C’ 1⁄4 
(ii) Using the Gauss's law, 
> = fE.ds k É 
E0 
= 0.125 = — — 
8.85 x 107 
=> g = 8.85 x 10° x 0.125 
= 1.107 x 10°C. 1 


Å Long Answer Type Questions - Il 


Q. 1. (i) Define electric flux. Is it a scalar or a vector 


quantity ? 
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Q. 9. Two large charged plane sheets of charge densities 


s and -2s C/m2 are arranged vertically with a 
separation of d between them. Deduce expressions 
for the electric field at points (i) to the left of the 
first sheet, (ii) to the right of the second sheet, and 
(iii) between the two sheets. 


[CBSE 2019 Paper Outside Delhi Set-1] 


1 1 
— 


+ 2 
+ r poe 


Sheet 1 Sheet 2 
(a) E.F. left of the plate 1 (region I) 
É = EE z = eee Ts = 
E, 2€, 
(b) I1(between the plates) 


(5 marks each) 


Ans. (i) Definition of electric flux 1 


Stating scalar/ vector 1⁄4 


(ii) 


A point charge q is at a distance of d/2 directly 
above the centre of a square of side d, as 
shown in the figure. Use Gauss's law to obtain 
the expression for the electric flux through the 


square. 


If the point charge is now moved to a distance 
“d' from the centre of the square and the side of 
the square is doubled, explain how the electric 
flux will be affected. 


[CBSE Delhi OD 2018] 


Gauss's law yy 


Derivation of the expression for electric flux 1 


(ii) Explanation of change in electric flux 2 


(i) Electric flux through a given surface is defined as 


the dot product of electric field and area vector over 
that surface. 1 


Alternatively 9 = $ Eds 


Electric flux, through a surface equals the surface 
integral of the electric field over that surface. 1⁄2 


It is a scalar quantity. Ya 
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Constructing a cube of side 'd' so that charge 'g' gets 
placed within of this cube (Gaussian surface ) 


According to Gauss's law the Electric flux 
Charge enclosed 
E0 


_4 7 


This is the total flux through all the six faces of the cube. 
Hence electric flux through the square 


6 Ep 6£€5 
(ii) If the charge is moved to a distance d and the side of 
the square is doubled the cube will be constructed 
to have a side 2d but the total charge enclosed in it 
will remain the same. Hence the total flux through 
the cube and therefore the flux through the square 
will remain the same as before. 
[Deduct 1 mark if the student just writes No change/ 
not affected without giving any explanation.] 1+1 
[CBSE Marking Scheme 2018] 


Q. 2. (i) Use Gauss’s law to derive the expression for the 
electric field (E ) due to a straight uniformly 


charged infinite line of charge density À C/m. 


(ii) Draw a graph to show the variation of E with 


perpendicular distance r from line of charge. 


(iii) Find the work done in bringing a charge g from 
perpendicular distance r; to r, (r, > 1;). 


Ans. (i) Derivation of the expression for electric field E 





3 

(ti) Graph to show the required variation of the electric 

field 1 

(iii) Calculation of work done 1 
(i) 

i á 
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To calculate the electric field, imagine a cylindrical 
Gaussian surface, since the field is everywhere 
radial, flux through two ends of the cylindrical 
Gaussian surface is zero. 1⁄2 
At cylindrical part of the surface electric field E 
is normal to the surface at every point and its 


magnitude is constant. 
Therefore flux through the Gaussian surface = Flux 
through the curved cylindrical part of the surface, 


= EX2nrl ...(i) 1⁄2 
Applying Gauss's Law 
Flux, Ó i J enclosed 
Eo 


Total charge enclosed= Linear charge density x/ 








= Àl 
M 
d= — ....(ii) 1⁄ 
E0 
Using Equations (i) & (ii) 
E x 2nrl = M 
E0 
À 1 
= 2 
= 2TNEgr 
ee 
In vector notation, E = 2negr n V2 


(where n isa unit vector normal to the line charge) 


(ii) The required graph is as shown : 


—> 
IEI 


— 1 


(iii) Work done in moving the charge 'q' through a small 
displacement 'dr’ 





dW = Fr 
dW = gE.dr 
= gEdrcos 0° 
= qx d 
dW = q 2ne yt 4 1⁄2 


Work done in moving the given charge from r; to r; 
(r2 > rı) 

r, r, Aq dr 
a J J 2NEgr 


n 


g 
W= re, g&n- logn] % 
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Q. 3. (i) Use Gauss’s theorem to find the electric field 
due to a uniformly charged infinitely large plane 
thin sheet with surface charge density o. 


(ii) An infinitely large thin plane sheet has a uniform 
surface charge density +o. Obtain an expression 
for the amount of work done in bringing a point 
charge q from infinity to a point, distant r, in front 


of the charged plane sheet. R| [OD II, 2017] 
Ans. (i) Similar to Q. 7, Short Answer Type II 3 
(ii) Amount of work done : 
y> > 
w = q| (Edr) Vs 
r| © 
W. = = — U 1⁄2 
í IA | 
= Jo | co — y E co yy 


[CBSE Marking Scheme, 2017] 


Q. 4. (a) Using Gauss’s law, derive expression for 
intensity of electric field at any point near 
the infinitely long straight uniformly charged 
wire. 

(b) The electric field components in the following 
figure are F, = ax, E, = 0, F, = 0; in which 
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a = 400 N/C m. Calculate (i) the electric flux 
through the cube, and (ii) the charge within 
the cube assume that a = 0.1 m. 





[CBSE SQP - 2020] 
Ans. (a) Try yourself, Similar to Q. 2(i), Long Answer 
Type Questions 3 
(b) Since the electric field has only an x component, 
for faces perpendicular to x direction, the angle 
between E and AS is + n/2. Therefore, the flux 0 
= E.AS is separately zero for each such face of the 
cube. Now the magnitude of the electric field at the 

left face is : 


Net flux through the cube 
= —(4002)22 + a? (400 x 22) 1 
= -400a° + 800422 
= 400a° 
= 400 x (0.1)° 
= 0.4Nm’C" 
(b) We can use Gauss’s law to find the total charge g 
inside the cube. 


We have 6 = g/8o or q = &. Therefore, 1 
q = 8.85 x 10-12x 0.4 


= 3540x1072 C 


AN EAN ZAM 
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CHAPTER 


2 





Syllabus 





> Electric potential, potential difference, electric potential due to a point charge, electric dipole and system 
of charges; equi-potential surfaces, electrical potential energy of a system of two point charges and of 


electric dipole in an electrostatic field. 


> Conductors and insulators, free charges and bound charges inside a conductor, Dielectrics and electric 
polarisation, capacitors and capacitance, combination of capacitors in series and in parallel, capacitance 
of a parallel plate capacitor with and without dielectric medium between the plates, energy stored in a 


capacitor. 
Chapter Analysis 


Electric Potential 
1Q 
Q (3 marks) 


Capacitance 


(5 marks) 





TOPIC-1 


Electric Potential 





Revision Notes TOPIC - 1 


Electric potential Electric Potential 


> Electric potential is the amount of work done by an external force in TOPIC - 2 
moving a unit positive charge from infinity to a point in electrostatic field Capacitance 
without producing an acceleration. 


W 


> Itiswrittenas V= — 


g 
where, W = work done in moving charge q through the field, gq = charge being moved through 
the field. 


> The SI units of electric potential are 3 Volt, ~am 


Potential difference 
> Flectric potential difference is defined as the amount of work done to carry a unit charge from 
one point to another in an electric field. 


Work _ APE _W 


Electric potential difference = 








Charge 7 Charge > q 
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.... P. 28 


.... P. 38 


Scan to know 
more about 


this topic 


Electric 
Potential 


ELECTROSTATIC POTENTIAL AND CAPACITANCE [ 29 


Between two points A and B, Wag = — Vag X q 
where, V4g = Vg- VA is potential difference between A and B. 

> Ina region of space having an electric field, the work done by electric field dW, when positive point charge g, is 
displaced by a distance ds, then, 








> > 
dW = q E.ds Scan to know 
more about 
> > this topic 
j qEds , 
Wap _ _A r de 
q q A 
Electric potential due to point charge Electric Potential 
> The electric potential by point charge q, at a distance + from the charge, can be written as, _ Pains 
arge 
-_ 1 4 i 
ANE, r 


where, €) is permittivity of vacuum (free space) 
> Electric potential is a scalar quantity. 
> Dimension of Electric potential is [M L2T A] 
> Forasingle point charge q the potential difference between À and B is given by, 


May. B B 
AV = Vg- V4 =- E.ds =- | Edscos0°=-E | ds 


A A A 
q 
where, E is the field due to a point charge, ds = dr, so that, ka. 
— 
r, r 
dr 1” 1 a 
v-v- t= A ‘+d weg 
r, TEg r ANE, T s: ANE Tp YA 


> Ifrg = œ, then Vz = 0s0, 


| Ang, tA Er. 
Dipole and system of charges 
> Electric dipole consists of two equal and but opposite electric charges which are separated by a distance. 
> The net potential due to a dipole at any point on its equatorial line is always zero. So, work done in moving a 
charge on equatorial line is always zero. 


> Electric potential due to dipole at a point at distance r and making an angle 0 with the dipole moment p is given 


> - 
by, "e. PCOS L S Pler >> A) 
ATE r ANE, r 


> Potentialat a point due to system of charges is the sum of potentials due to individual charges. 

> In a system of charges q,, qo, q3, ...g, having positive vectors r4, r» ry,.....r, relative to point P, the potential at point 
P due to total charge configuration is algebraic sum of potentials due to individual charges, so, 
V=V,+V,+V34+.... + V, 


=l |, 3. + th 
ATE 





t hh B fn 
n 
vet şi 
ATE ;-1 t, 


where, q is total charge on shell and R is shell radius. 


Equipotential surfaces 


Equipotential Surface is a surface in space on which all points have same potential. It requires no work to move 


the charge on such surface, hence the surface will have no electric field, so E will be at right angle to the surface. 
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> Work done in moving a charge over equipotential surface is E ae 
zero. Í : K i 
ee ; i Equipotential - ASS 
> Electric field is always perpendicular to equipotential surface. " surtace LLA DOO 


> Spacing among equipotential surfaces allows to locate regions of 
strong and weak fields. 

> Equipotential surfaces never intersect each other. If they intersect then the intersecting point of two equipotential 
surfaces, results in two values of electric potential at that point, which is impossible. 


h> 
q + 
> Potential energy of a system of two charges 
i= 1 192 
ANE) Np 
q K 
> Potential energy of a system of three charges 3 + 
U= 1 se + 193 4 92493 h3 ho 
neol 23 3 
q 
> Potential energy due to single charge in an external field : 1 
Potential energy of a charge g at a distance r in an external field 
~ 
U=qV(r) ell 
> Í, ` 
Here, V(r) is the external potential at point r 
@ 12 
> Potential energy due to two charges in an external field 
> > 1 qq 5 
U =49,V (4) +V (n) + —— 2 ° 
ANE) Tr q, 


> Potential energy of a dipole in an external field : 
When a dipole of charge q, = + q and q, = —q having separation '2a' is placed in an external field ( E ). 
U(8) = —pEcos 9 
Here, p = 2aq and 0 is the angle between electric field and dipole. 


Key Formulae 


> Electric Potential V = ay measured in volt; 1 volt = 1 Joule / coulomb. 


> Electric potential difference or “voltage” (AV) = Vy — V, = = s 
q q 
> Electric potential due to a point charge q at a distance r away : V = = 
TE, T 


ETE 
> Finding V from E : V,— V, = - [Eds 


1 


1 
> Potential energy of two point charges in absence of external electric field : U = ==] = | 
oL %2 


9192 
ATE QT 2 





> Potential energy of two point charges in presence of external electric field : qı V (4) +q2V (1) + 


Note : All symbols have their usual meanings. 
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Objective Type Questions 


(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Ans. 


The electrostatic potential on the surface of a 

charged conducting sphere is 100 V. 

Two statements are made in this regard : 

S,: At any point inside the sphere, electric field 

intensity is zero. 

S, : At any point inside the sphere, the electrostatic 

potential is 100 V. 

Which of the following is a correct statement? 

(a) S, is true, but S, is false. 

(b) Both S, and S, are false. 

(c) S, is true, S, is also true and S, is the cause of 

> 

(d) S, is true, S, is also true but the statements are 
independent. [NCERT Exemplar] 

Correct option : (c) 

Explanation : The relation between electric field 

intensity E and potential (V) is, 


where, Electric field intensity, E = 0 inside the 
sphere 
dV 


—=0 


So that, £ 


This means that V = constant. So, if E = 0 inside 
charged sphere, the potential is constant or V = 100 
everywhere inside the sphere and it verifies the 
shielding effect also. So, it justifies the option (c). 


. Equipotential surface at a great distance from a 


collection of charges whose total sum is not zero 
are approximately : 


(a) spheres. (b) planes. 
(c) paraboloids. (d) ellipsoids. 
[NCERT Exemplar] 
Correct option : (a) 
Explanation: The equipotential surface, are 


perpendicular to the field lines. So there must be 
electric field, which cannot be without charge. 
So, the algebraic sum of all charges must not be zero. 
Equipotential surface at a great distance means 
that space of charge is negligible as compared to 
distance. So, the collection of charges is considered 
as a point charge. 
Electric potential due to point charge is, 

V=k,4 

r 

which explains that electric potentials due to point 
charge is same for all equidistant points. The locus 
of these equidistant points, which are at same 
potential, forms spherical surface. 


. A positively charged particle is released from rest 


in a uniform electric field. The electric potential 
energy of the charge : 


Ans. 


> 


10V 20V 30V 40V 50V 


Ans. 


Ans. 


[ 31 


(1 mark each) 





remains constant because the electric field is 
uniform. 


(b 


~S 


increases because the charge moves along the 
electric field. 


decreases because the charge moves along the 
electric field. 


decreases because the charge moves opposite 
to the electric field. [NCERT Exemplar] 


Correct option : (c) 

Explanation : As we know that, an equipotential 
surface is always perpendicular to the direction of 
electric field. Positive charge experiences the force 
in the direction of electric field. When a positive 
charge is released from rest in uniform electric field, 
its velocity increases in the direction of electric field. 
So K.E. increases, and the PE. decreases due to law 
of conservation of energy. 


(c) 
(d) 


. Figure shows some equipotential lines distributed 


in space. A charged object is moved from point A 
to point B. 


30V 40V 
I | 


| 
| 
| 
I 
| 
$B 
| 
| 
I 


I I l 
I I l 
I I l 
I I l 
I I l 
I A ŠB l 
I I I 
I I l 
I I l 
I I l 
I I I 


- — — — — e — — — — — 


I 
| 
| 
| 
$B 
| 
| 
I 
| 


I 
I 
I 
I 
Š 
I 
I 
I 
I 
| l I 
2, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
V 50V 


10V 20V 50V 


Fig II 
(a) The work done in Figure (I) is the greatest. 


10V 20V 40V 


Fig I Fig III 

(b) The work done in Figure (II) is least. 

(c) The work done is the same in Figure (I), Figure 
(ID and Figure (III). 

(d) The work done in Figure (III) is greater than 
Figure (II), but equal to that in Figure (I). 

[NCERT Exemplar] 

Correct option : (c) 

Explanation : The work done by the electrostatic 

force is given by W,, = q(V,- V3) 

As the potential difference between A and B in all 


three figures are equal i.e. 20 V, so work done by any 
charge in moving from A to B surface will be equal. 


. On moving a charge of 20 C by 2 cm, 2 J of work is 


done. Then, the potential difference between the 
points is: 
(a) 0.1V 

(c) 2 V 

Correct option : (a) 


(b) 8 V 
(d) 0.5 V 


Detailed Answer: 


The electric potential at any point due to a charge Q 


is given by, 
Wo3 
Q 20C 
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Q. 6. What is the angle between electric field and 
equipotential surface? 


(b) 0° always 
(d) 0° to 180° 


(a) 90° always 
(c) 0° to 90° 


Ans. Correct option : (a) 


Detailed Answer: 


Electric field is always perpendicular to the 
equipotential surface at any point. If the electric 
field lines are not considered as perpendicular, 
there would be a non zero component of electric 
field along the surface of conductor and charges 
could not be considered at rest. 


(ID FILL IN THE BLANKS 
Q. 1. The electric potential is constant in a given region. 
The electric field in that region is .......... 
Ans. Zero 
Q. 2. The electric potential .............. along the lines of 
force. [R] 


Ans. increases 


Q3. The dielectric constant of an insulator cannot 
be........... [R] 


Ans. infinite 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Why the electric potential at a point on the equato- 
rial line of an electric dipole is zero? 


Ans. Since the electric dipole is a scalar quantity and the 
distance of the point from each charge is same. So, 
the net potential at the point will be zero because of 


the same magnitude and the opposite sign. 


Q. 2. Can two equipotential surfaces intersect each 
other? Justify your answer. 


Ans. The normal drawn at any point on the equipotential 
surface will give the direction of electric field at 
that point. If the two surfaces intersect each other, 
there will be two directions of the electric field 
at that point which is not possible. So, the two 
equipotential surfaces cannot intersect each other. 


Q. 3 Define the term potential energy for a charge ‘q’ at 
a distance 'r' in an external field. 


Ans. The electric potential energy at a point which is at a 
distance 'r' from charge 'g' is defined as the amount 
of work done in bringing a unit positive charge 
from infinity to that point without any acceleration 
against the electrostatic force. 

Q. 4. A point charge Q is placed at point ‘O’ as shown 
in figure. Is the potential at point A, i.e., V}, greater, 
smaller or equal to potential, V, at point B, when Q 
is (i) positive, and (ii) negative charge? 

Oe Ae Be 


Ans. (i) V, > Vp 1⁄2 
(ii) Va < Vp 1⁄2 
[CBSE Marking Scheme 2017] 
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Detailed Answer : 


Let r, is the distance of point A from point charge Q 
and rz is the distance of point B from point charge Q. 








Q <—— 
Ona A B 
Potential at point Á : 
1 Q 
V(ra) = 4 face 
Potential at point B : 
1 
V(rg) = Q 
ATE Tp 


Since r4< rg, so when : 
charge Q is positive; V,> Vy 1⁄2 
charge Q is negative; V, < Vp Vy 
Q. 5. Does the charge given to a metallic sphere depend 
on whether it is hollow or solid? 
[Delhi L IL III 2017] 


Ans. No 1⁄2 
Because the charge resides only on the surface of 
the conductor 1⁄2 


[CBSE Marking Scheme 2017] 


Q.6. An electron is accelerated through a potential 
difference V. Write the expression for its final 
speed, if ít was initially at rest. 

[Delhi/O.D. Comptt. I, II, HI 2018] 


ee [2eV 1 
m 


[CBSE Marking Scheme, 2018] 
Detailed Answer : 


Kinetic energy of electron = Electric energy gain by 
the electron 


= > (v? — 1) =eV 


[as u = 0] 


Sess [2eV 1 
m 


Q.7. Why are electric field lines perpendicular at a 
point on an equipotential surface of a conductor ? 
[O.D. I, IL III 2015] 


Ans. If it were not so, the presence of a component 
of the field along the surface would violate its 
equipotential nature. 1 

[CBSE Marking Scheme 2015] 
Detailed Answer : 


In an equipotential surface, the potential for a 


point charge is given by V= ko As electric field 


r 


lines point radially away from the charge, they 
are perpendicular to equipotential surface. If 
the electric field lines are not perpendicular to 
the surface of conductor, there exists a non-zero 
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component of electric field along the surface of Ans. (ii) 


1 
conductor where charges could not be at rest. 1⁄2 As V,— Vz = V, — Vo- magnitude of work done is 


same. 
[CBSE Marking Scheme 2017] 1 
Detailed Answer : 
1⁄2 As we know E= = and inside a ring there is 
Q. 8. In the given figure, charge +Q is placed at the centre J 
of a dotted circle. Work done in taking another zero electric field which means constant potential 
charge +q from A to B is W, and from B to C is W,. o Vi=V,= Ve Ve 
Which one of the following is correct ? I ; : 
(i) W, > W, .. Magnitude of work done is same. 1 
(il) W, = W, 


Commonly Made Error 


(iii) W, < W, 
a e The students usually apply the formula for the 


potential due to a point charge instead of the 


relationship between electric field and potential. 


Answering Tip 


e Points A and B are at same potential lies on an 


a” á [CBSE SQP 2017-18] equipotential surface. 





FShort Answer Type Questions (2 marks each) 





Q. 1. Calculate the amount of work done to dissociate Ans. 
a system of three charges 1 uC, 1 uC and - 4 uC 
placed on the vertices of an equilateral triangle of 








side 10 cm. 
Ans. Given : qA = 1 x 10°C= 9B 
qc = -4 x 10°C 
r=10cm=0.1m 
A (1 pC) 
10 cm 10 cm 
Detailed Answer: 
Due to point charge : 
B(1uC) 10cm C(4 uC 1 
(1 uC) (4 uC) Electric field, E = 4 = 
W = Wap + Wpc + Wac ae 
W = Greg Mate T Bac + 44a | r’ 
9 1 12 
W =9x10 x — [1x14x1-4x1]x10”J 
| i 
9 -12 
w = 22x10? x7x10-P 
0.1 
W =-0.63] 2 


Q. 2. Draw a plot showing the variation of (i) electric 
field (F) and (ii) electric potential (V) with distance r 
due to a point charge Q. 
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1 Q 
Electric potential, V = rae 
0 
Tean J 
r 
V 
V< + 
O f 


Now on plotting electric field and electric potential 
with distance r 





í— 


Q. 3. Two point charges q and -2g are kept d distance 
apart. Find the location of the point relative to 
charge q at which potential due to this system of 
charges is zero. 





Ans. _— PK. “B 
q<—— -24 
<— d 1⁄4 
Let P be the required point at a distance x from 
charge q 
Anteo x  4reg (d-x) 


Å Long Answer Type Questions-l 


Q. 1. (i) Derive the expression for the electric potential 
due to an electric dipole at a point on its axial line. 
(ii) Depict the equipotential surface due to electric 


dipole. R [Delhi II 2017] 
Ans. (i) Derivation of expression for electric potential 
due to electric dipole on axial line 2 
(ii) Depiction of equipotential surfaces due to an 
electric dipole 1 
h m— A — ae 
(i) -q +q 
SS ə-- | 
A O P 





p= g£ =] 


| 
Potential due to charge -q at A : 
J — 








== 2 1 
va Ane) (r+a) _ 
Potential due to charge +q at B : 
1 4 
B Ane) (r-a) 2 
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N 





1⁄ 


x |= 
| 

| 

= 


U 
> 
II 
Q |. & 


` The required point is at a distance £ from the 


charge q. 1⁄2 


Q. 4. Find the potential energy associated with 


a charge q if it were present at the point P with 
respect to the ‘set-up’ of two charged spheres, 
arranged as shown. Here O is the mid-point of the 
line O,O,. 


Dys 
tage 


Š. 


fen, 
ee 
.. 
. 
.. 
oe 
Os 
. 


.. 
.. 
. 
.... 
.. 
.. 
.. 





1 — O,P = Vr? +(2a+b)* 1⁄2 
r= O,P = Jr 2+(a+2b2 1⁄2 


Ve a |S S| i 


Anela n 


Ans. 


.. The potential energy of charge q, at P = qV 
_ 4 nae _— Q | 4 


PPO aa 1 + 1 
ANE [r? +(2a+b)*]” [r + (a+ 2b)2] 


(3 marks each) 


Potential at point P, V = V, + Vg 
Net potential at point P : 


v= | e E | 4 
4meo | (r+a) (r-a) Š 


1 q x 2a 

















1⁄ 


Š meo (r° — 22) 


(ii) 





1 
[CBSE Marking Scheme 2017] 
Q. 2. Four point charges Q, q, Q and q are placed at 
the corners of a square of side ‘a’ as shown in the 


figure. 
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ELECTROSTATIC POTENTIAL AND CAPACITANCE 


Ars i 


Find the 
(i) resultant electric force on a charge Q, and 
(ii) potential energy of this system. 


[Delhi/O.D. CBSE 2018] 


Ans. (i) Finding the resultant force onachargeQ 2 
(ii) Potential Energy of the system 1 

(i)Let us find the force on the charge Q at the point C 
Force due to the other charge Q 


1 © 











F, = 

l meo [a 2) 

+ 10 ! 
k= Ire, Ë > along AO 1⁄2 


Force due to the charge q (at B), 


— 


He 
5 along BC 


~ Ane) an 
Force due to the charge q (at D), 


E, = rs ` along DC 1⁄2 
0 d 


Resultant of these two equal forces P, & F 


Ey == mo) 








1 
ie, (along AC) 1⁄2 


. Net force on charge Q ( at point C) 


É = a ` + V4] 7 


This force is directed along AC. 

( For the charge Q, at the point A, the force will have 
the same magnitude but will be directed along CA) 
[Note : Don't deduct marks if the student does not 
write the direction of the net force , F] 


Sa 





5} 
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(ii) Potential energy x the system 
_ 1 ee a 
ATE, -i ws) 


I 2 
aoe S 1 


[CBSE Marking Scheme 2018] 








Q. 3. (i) Three point charges q, — 4g and 2g are placed at 
the vertices of an equilateral triangle ABC of side 
‘l as shown in the figure. Obtain the expression 
for the magnitude of the resultant electric force 
acting on the charge q. 


q 


—4q 2q 
B — HH oe C 


(ii) Find out the amount of the work done to separate 
the charges at infinite distance. 
[A] [Delhi/OD CBSE 2018] 


Ans. (i) Finding the magnitude of the resultant force 
on charge g 2 


(ii) Finding the work done 1 
(i) Force on charge g due to the charge — 4q 1⁄2 


> 2 
eee k: | along AB 





ATE, be 


Force on the charge q, due to the charge 2q 


— 2 
h = : Ë , along CA 
ATE I 





The forces F} and F, are inclined to each other at an 
angle of 120° 





Hence, resultant electric force on charge q 


JE? + F2 +2F,E,cos0 A 
JE? + F2 + 2E,E cos120° 
Z gheas 


ATE, | 


F 
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1 ( 2V3q? 
= R %2 
ATE) I 
(ii) Net P.E. of the system 
2 
n n 8] 
ATE, I 
—10) g? 
Ane, l 
2 2 
Work done = ae 1 


4m8ol p 2TEgl 


[CBSE Marking Scheme 2018] 


Detailed Answer: 


(ii) 


— 


4 


The amount of work done to separate the charges 
at infinite distance is equal to the (-ve) potential 
energy of the given system. Now we know that the 
potential energy of three charges at the corners of 
an equilateral triangle ABC of side lis given by, 


1 ka 


PE ` 
ATE, 


h, hs r, 


given q, = q, q; = — 44, q3 = 29, r12 = 113 = 123 = Í 











= U,, = ee 424, 2440) 
4ne,. l l l 
2 
cal VA. s] 
4ne, l 
__ 109" 
E Anel 
S 2 
Therefore work done, W =—U,, = | el | 
ANE, 
2 
=> W=+ aH 1 
2TEl 
. A particle, having a charge +5 uC, is initially 


at rest at the point x = 30 cm on the x-axis. The 
particle begins to move due to the presence of 
a charge Q that is kept fixed at the origin. Find 
the kinetic energy of the particle at the instant 


Long Answer Type Questions-Il 


Q. 1. (i) Obtain an expression for the potential due to 


a point charge. 


(ii) Prove that the potential due to an electric dipole 


(length 2a) varies as the ‘inverse square’ of the 
distance of the ‘field point’ from the centre of the 


dipole for r > a. [Comptt. Delhi. I, II, III 2016] 


it has moved 15 cm from its initial position if 
(a) Q = +15 uC and (b) Q = -15 uC 


[SOP 2018-19] 


Ans. From energy conservation, 


(h + KR, = LLL + Ey 
kQg/r; + 0 = kQq/r; + Ky 1⁄2 
K; = kQa(1/r,— 1/r,) VY 
When Q is +15 uC, g will move 15 cm away from 
it. Hence r; = 45 cm 
K,=9 x 10° x 15 x 10° x 5 x 10° [1/(30 x 10%) 
—1/(45x10-)] % 
= 0-75] 1⁄2 
When Q is — 15 uC, g will move 15 cm towards it. 
Hence r; = 15 cm 
K, = 9 x 10° x (-15 x 10%) x 5 x 10° 
[(1/30 x 102) - 1/(15 x 10 5]1⁄ 
= 2:25 J Ya 
[CBSE Marking Scheme 2018-19] 


Q.5. (a) Draw the equipotential surfaces corresponding 


to a uniform electric field in the Z-direction. 
(b) Derive an expression for the electric potential 

at any point along the axial line of an electric 

dipole. 3 


Ans. (a) Note that the electric field is always perpendicu- 


lar to the equipotential surface. Hence, the equi- 
potential surfaces are going to be infinite plane 
sheets parallel to the x-y plane. Also, the electric 
field strength is proportional to the distance be- 
tween the surfaces. Hence, the surfaces will be 
evenly spaced. 

x 


H 


(b) Try yourself, Similar to Q.1 (i), Long Answer Type 


Questions I [CBSE 2019 Paper Delhi Set I] 


(5 marks each) 





Ans. (i) 
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ELECTROSTATIC POTENTIAL AND CAPACITANCE 


Consider a point charge ‘Q’ kept at point O. 

Let P be the field point at distance r. 

At some intermediate point P’ the electrostatic 

force on the unit positive charge is : 1⁄4 
OXI 


Aney” 





Work done against this force from r’ to r + Ar is 


AW = Q AT 1⁄2 
AnEpr' 





Total work done 'W' by the external Force from oo 
tor 





ya | Q Ar' 1⁄2 


12 
ANE pr 


ae 


ANE r 





Hence potential at this point 





V =W= Q 1⁄2 
ATE gr 
(ii) 


<— 2a — 








O P 
e—— — - - - - - - - - - - ---- - 
-] +9 ; 
e y — v. 
Potential at point P due to charge (—g) 1⁄2 
= ae 
i AtEy (r+a) 


Potential due to charge +q 
V, = ee y 


Hence total potential at point P 


v- eee Ft 
Wk. Ane, | (r+a) (r-a) 











k q Xx 2a Vf, 


Agent a) 


eee 
ATE (r? — a?) 





—_ 
where, p = q X 2a = dipole moment for r >> a 1⁄2 


1 
= V = : = 
ATE, r 





r 


[CBSE Marking Scheme 2016] 


Q. 2. Two point charges g and - are located at points 
(0, 0, — a) and (0, 0, a) respectively. 
(i) Find the electrostatic potential at (0, 0, z) and (x, y, 0). 
(ii) How much work is done in moving a small test 
charge from the point (5,0,0) to (— 7, 0, 0) along the 
x-axis ? 
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(iii) How would your answer change if the path of the 
test charge between the same points is not along 
the x-axis but along any other random path ? 

(iv) If the above point charges are now placed in the 
same positions in the uniform external electric 
field E, what would be the potential energy of 
the charge system in its orientation of unstable 
equilibrium ? 

Justify your answer in each case. 
[A| [Comptt. Delhi/OD I, II, HI 2018] 





Ans. (i) Finding the electrostatic potential 2 
(ii) Finding the work done 1 
(iii) Effect of change of path 1 
(iv)Potential energy of the system 1 
(with justification in each case) 
(i) We have, for a point charge, 


yva l f Ya 
AME r 
(a) At point (0, 0, z) : 
Potential due to the charge (+q) 


V. = T 1. 
Amey (z+a) 








Potential due to the charge (—g) 
=f. ip 


4Te (z-a) 


Total Potential at (0, 0, z) 


1 F... 32 
4negLz+a z-a 
Te = 
4ne,(z* — a°) 
(b) At point (x, y, 0) 
Potential due to the charge + q 


1 g 


Potential due to the charge (- q) 
1 ~Y 


y= ——— . ———— > .m 
ANE) AX + +07 


Total potential at (x, y, 0) 


a 1 = 1 O 
neol ty ta fx? +y*% +0? 


Note : Give full credit of part (b) if a student writes 
that the point (x, y, 0) is equidistant from charges 
+g and -q. Hence, total potential due to them at 
the given point will be zero. 
(ii) Work done = g[V, - V3] VY 
V, = 0and V, = 0 
Work done = 0 





VY; 
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Where V, and V, are the total potential due to (b) Depict the equipotential surfaces due to : 


dipole at point (5, 0, 0) and (— 7, 0, 0) 1⁄2 (i) an electric dipole 

(iii) There would be no change. 
This is because the electrostatic field is a (ii) two identical negative charges separated by 
conservative field. 1 a small distance. 
(Alternatively : The work done, in moving a test Ans, (a) Definition of electrostatic potential — SI unit J/c 
charge between two given points is independent or Volt. 
of the path taken.) 1 


The t h k lecie dipole of Deduction of expression of electrostatic potential 
(iv) The two given c harges make an elec ric dipole o eners ol avei yi 0 huy 


dipole moment p=g2a. 


oe =: Lah, A 


P.E. in position of unstable equilibrium (where p ATE, | Ny Ve r. 


and E are antiparallel to each other) Vy 


= + pE = 2agE [CBSE Marking Scheme, 2018] 2 
Q. 3. (a) Define electrostatic potential at a point. Write 


its SI unit. Three charges g,, q, and g, are kept 
respectively at points A, B and C as shown in 
figure. Write the expression for electrostatic 
potential energy of the system. 





A q, 
Ne r, (2) 
1+1 
B C [CBSE Sample Question Paper 2019-20] 
q; Vig 93 
Capacitance 





Revision Notes 


Conductors and insulators 
> Conductors are the materials through which charge can move freely. 
Examples : metals, semi-metals as carbon, graphite, antimony and arsenic. 
> Insulators are materials in which the electrical current will not flow easily. 
Such materials cannot be grounded and do not easily transfer electrons. 
Examples : plastics and glass. 
Dielectrics 
> These are the materials in which induced dipole moment is linearly proportional to applied electric field. 
> Electrical displacement or electrical flux density D = €,€E. 
where, €,= relative permittivity, £9 = permittivity of free space and E is electric field. 
> If a dielectric is kept in between the plates of capacitor, capacitance increases by factor ^K’ (kappa) known as 


dielectric 


dielectric constant, so C = Key — 


where, A = area of plates 


£ 
K = dielectric constant of material also called relative permittivity x = g, = — 


Dielectric Constant (x) Dielectric — (10° V/m) 
1.00059 


we oo 
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> In dielectric, polarisation and production of induced charge takes place when dielectric is kept in an external 
electric field. 


Electric polarization 
> Electric polarization P is the difference between electric fields D (induced) and E (imposed) in dielectric due to 


D-E 
Scan to know 
4n more about 
this topic 


[m] i [=] 


bound and free charges written as P = 





> In term of electric susceptibility : P = XE 

> In MKS : P = £goXE, 

> The dielectric constant x< is always greater than 1 as Xe > 0 
Capacitor 


[= 


Capacitance 





> Acapacitor is a device which is used to store charge. 
> Amount of charge ‘Q’ stored by the capacitor depends on voltage applied and size of capacitor. 
> Capacitor consists of two similar conducting plates placed in front of each other where one 
plate is connected to positive terminal while other plate is connected to negative terminal. 
> Electric charge stored between plates of capacitor is directly proportional to potential difference between its 
plates, i.e., 
Q=CV 
where, C = Capacitance of capacitor, V= potential difference between the plates 
> In capacitor, energy is stored in the form of electrical energy, in the space between the plates. 
Capacitance 


> Capacitance of a capacitor is ratio of magnitude of charge stored on the plate to potential difference between the 


Q 


plates, written as C = — 
AV 
where, C = capacitance in farads (F), Q = charge in Coulombs (C), AV = electric potential difference in Volts (V), 
> SI unit of capacitance is farad (F) 


1C 
> 1F= Tyo stat farad, 


Where, stat-farad is electrostatic unit of capacitance in C.G.S. system 
> Capacitance of a conductor depends on size, shape, medium and other conductors in surrounding. 
> Parallel plate capacitor with dielectric among its plates has capacitance which is given as : 


C= Key, 


where, £ = 8.85 x 10 12 F/m 
> Capacitor having capacitance of 1 Farad is too large for electronics applications, so components with lesser values 
of capacitance such as u (micro), n (nano) and p (pico) are applied such as : 


10 (thousand-millionth) LnF = 10°F 
107” (million-millionth) Í pF = 10" F 


Combination of capacitors in series and parallel 





Capacitors in series 


> (i) If a number of capacitors of capacitances Cy, Cy, C3, .................. C, are V 
connected in series, then their equivalent capacitance is given by : 


ae ee Le ae si 2 —— H bees | — 
C, Cy C, C3 C, 


G G 0 € 


> In series combination, the charge on each capacitor is same, but the potential difference on each capacitor depends 
on their respective capacitance, i.e., 





qi Yr =ds3-............. q, = q 
> TE Vy, Vo, Vz .......... , V,, be the potential differences across the capacitors and V be the emf of the charging battery, 
then 
Vea Vick Vek Vy F amas . 


> Ascharge on each capacitor is same, therefore 


q = V,G, = V-C, = V3C3 EAE 
the potential difference is inversely proportional to the capacitance, i.e., 
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1 


oc — 
C 
> In series, potential difference across largest capacitance is minimum. 
> The equivalent capacitance in series combination is less than the smallest capacitance in combination. 
Capacitors in parallel 
> (i) Ifa number of capacitors of capacitances C4, Cy, Gs................ C,, are connected in parallel, then their equivalent 
capacitance is given by, 


> In parallel combination, the potential difference across each capacitor is same and 
equal to the emf of the charging battery, i.e., 





V, = V, = V3 = halaGnes aw sawas =V,=V 
while the charge on different capacitors may be different. 
> Ifq Joy Jay ............ , 9, be the charges on the different capacitors, then 
7 Pike oat’ ia ca eee +q, = VC, 
> As potential drop across each capacitor is same, so 
= V=% = 32 = fs See 
C, C, C3 Ca 
> The charges on capacitors are directly proportional to capacitances, t.e., g œ C 
> Parallel combination is useful when large capacitance with large charge gets accumulated on combination. 
1| QV ' . 
> Force of attraction between parallel plate capacitor will be F = Zer] E > QE where Q is charge on capacitor. 


Capacitance of parallel plate capacitor with and without dielectric medium between the plates 


> Parallel plate capacitor is a capacitor with two identical plane parallel plates separated by a small distance where 
space between them is filled by dielectric medium. 


> The electric field between two large parallel plates is givers Charge 





on plate i Plate area A 
° —IP {= ë 
= +++++ ++ + + ++ ++ ++ ++ 
0 O 
Where, o = charge density and g, = permittivity of flee F= BE = 
Surface charge density, ee 
s= 
A , 
where, Q = charge on plate and A = plate area Sean te know 
more about 
> Capacitance of parallel-plate capacitor with area A separated by a distance d is written as this topic 
A 
C=€,£) — 


d 


> Ifa dielectric slab is placed in between the plates of a capacitor, then its capacitance will increase bis pce 
by certain amount. 

> Capacitance of parallel plate capacitor depends on plate area A, distance d between the plates, medium between 
the plates (x) and not on charge on the plates or potential difference between the plates. 

> If we have number of dielectric slabs of same area as the plates of the capacitor and thicknesses t, t>, t3,.... and 
dielectric constant K;, K>, K3...... between the plates, then the capacitance of the capacitor is given by 





g£ A 
C = H t> ts á +Q cx -Q 
ns 
K K, K, 






Where, d = Hh, + t, + ts, + ..... 
dielectric 
> Ifslab of conductor of thickness t is introduced between the plates, then 


g£ A go A š 
C= ——— = ——— Electric 
t (d-t t d-t š 
= + | ) +í Ñ ) field E area A 
go A 
C = Ti (-- K = œ for a conductor) a yyl 
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> When the medium between the plates consists of slabs of same thickness but areas Ai, A, A3,... and dielectric 
constants K, K>, K3..., then capacitance is given by 


g£ (KIA, + K324, + K3Asz ....) 
d 
Cm _ capacitance in medium 


C= 
C capacitance in vacuum 


> When space between the plates is partly filled with medium of thickness ¢ and dielectric constant x, then 
capacitance will be : 
G&A _ &A 


C= p i 
d-t+— d-t|1-— 
K | J 


When there is no medium between the plates, then x =1, so C 





_ &)A 
vacuum ~ d 


> Capacitance of spherical conductor of radius R in a medium of dielectric constant x is given by, 


Energy stored in capacitor 
> In capacitor, energy gets stored when a work is done on moving a positive charge from negative conductor to 
positive conductor against the repulsive forces. 


2 
u- 12 Loy Jey 
2C 2 2 

Polar atom : Atom in which positive and negative charges possess asymmetric charge distribution about its centre. 

Polarisation : The stretching of atoms of a dielectric slab under an applied electric field. 

Dielectric strength : The maximum value of electric field that can be applied to dielectric without its electric 

breakdown. 

> Dielectric : It is an electrically insulated or non-conducting material considered for its electric susceptibility. 

> Permittivity : It is a property of a dielectric medium that shows the forces which electric charges placed in medium 
exerts on each other. 


v v v 


OR 
It is the measure of resistance that is encountered when forming an electric field in a particular medium. More 
specifically, permittivity describes the amount of charge needed to generate one unit of electric flux in a particular 
medium. 


Key Formulae 
> Capacitance, C = Q , measured in Farad; 1 F = 1 coulomb/volt 


> Parallel plate capacitor : 
C = K€) ál 
d 
> Cylindrical capacitor : 
L 
C = 2TK£9 In(b / a) 


where, L= length [m], b= radius of the outer conductor [m], a = radius of the inner conductor [m] 
> Spherical capacitor : 


b 
C = 41K tol a 


where, b = radius of the outer conductor [m], a = radius of the inner conductor [m] 


> Maximum charge on a capacitor : 
Q=VC 
> For capacitors connected in series, the charge Q is equal for each capacitor as well as for the total equivalent. 
If the dielectric constant x is changed, the capacitance is multiplied by x, the voltage is divided by x and Q is 
unchanged. In vacuum x = 1 and when dielectrics are used, replace g, with  €p. 
> Electrical energy stored in a capacitor : [Joules (J)] 
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> Surface charge density or Charge per unit area : [C/m2] 
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a 


A 


> Energy density : 
e Electric energy density is also called Electrostatic pressure. 


— 


4 


e Electric force between plates of capacitor, 





Per A 
2 
e Energy stored in terms of Energy density, 
es ga E 
Axd 2 
1 
= -& F 
> 0 


where, U = energy per unit volume [J/m?], ¢9= permittivity of free space, = 8.85 x 10-12 C?/Nm?, E = energy [J ] 


e Capacitors in series : 





Co may en 


e Capacitors in parallel : 
Cog = Cy + Gs... 


Objective Type Questions 


(I) MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


A capacitor of 4 uF is connected as shown in the 
figure. The internal resistance of the battery is 0.5 
Q. The amount of charge on the capacitor plates 
will be : 


4 uF 
10Q 
28. V 
2 O 
(a) 0 uC (b) 4 uC 
(c) 16 uC (d) 8 uC 


[NCERT Exemplar] 
Correct option : (d) 


Explanation : As capacitor offer infinite resistance 
for DC circuit. So current from cell will not flow 
across branch of 4 uF and 10 Q. So current will flow 
across 2 ohm branch. 


So current flows through across 2 Q resistance from 
left to right is, 


V 
(R+r) 
_ 25V 
~ (2+0.5) 
=1A 
So Potential Difference (PD) across 2 Q resistance 
V = RI = 2x1 = 2 Volt 


[= 








Ans. 


(1 mark each) 





As battery, capacitor and 2 branches are in parallel. 
So PD will remain same across all three branches. 
As current does not flow through capacitor branch 
so no potential drop will be across 10 Q. 

So PD across 4 uF capacitor = 2 Volt 

Q = CV = 4uFx 2 V = 8 uC 


. A parallel plate capacitor is made of two dielectric 


blocks in series. One of the blocks has thickness 
d, and dielectric constant «, and the other has 
thickness d, and dielectric constant x, as shown 
in Figure. This arrangement can be thought as 
a dielectric slab of thickness d (= d,+d,) and 
effective dielectric constant x. The x is : 








i k,d,+k,d, b) k,d,+k,d, 
oe eee 
d,+d, k, +k, 
(a te.) 2k,k, 
(9 (kd,+k,d,) k,+k, 
[NCERT Exemplar] 


Correct option : (c) 

Explanation: Capacitance of a parallel plate 
capacitor filled with dielectric of constant k, and 
thickness d; is, 
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k£,A 


1 
Similarly, for other capacitance of a parallel plate 
capacitor filled with dielectric of constant k, and 
thickness d, is, 


C= 


oe k,€,A 


2 
Both capacitors are in series so equivalent 
capacitance is given by 


Use this solution in the question 





L. 21: 4 C C 
=b = C u= 
Ce G C Cac, 

K £,A K,&,A 

C = á d, _ KK,A ü) 

4 KEA KA KD,+K,D, 

d d, 
We can write the equivalent capacitance as 
_ KeA a 
d+, ... (ii) 


Oncomparing (i)and (ii) we have 
k= KiKold + ds) 
Kd, + K,d, 
. A parallel plate capacitor is connected to a battery 
as shown in Figure. Consider two situations : 


RY] 


A: Key K is kept closed and plates of capacitors 
are moved apart using insulating handle. 


B: Key K is opened and plates of capacitors are 
moved apart using insulating handle. 
Choose the correct option(s). 

(a) In A: Qremains same but C changes. 

(b) In B: Vremains same but C changes. 

(c) In A: V remains same and hence Q changes. 

(d) In B: Q remains same and hence V changes. 
[NCERT Exemp. Q. 2.13, Page 13] 
Ans. Correct options : (c) and (d) 
Explanation : 

(i) In case A: When the space between the plates of 
capacitor increases, the capacitance decreases by 
relation, 

cÀ eA 
But battery remains same, i.e., potential difference 
across plate remains “V' same. So by Q = CV 


relation, Q also decreases verifies answer (c) and 
discards answer (a). 
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(ii) In case B: K is open, and capacitance decreases 
by moving apart plates of capacitor, so by relation 
Q = CV, here K is open, so charge Q remains same 
in turn V will increase on decreasing C. Hence 
answer (d) is verified. 


Q. 4. Two capacitors of capacitance C are connected 
in series. If one of them is filled with dielectric 
substance K, what is the effective capacitance? 


KC 
(a) T+) (b) C(1 + K) 
2KC 


CEET 


Ans. Correct option : (a) 
Explanation : 


We have now two capacitors of capacitances C and 
KC connected in series. 


_ Cx KC _ KC 
a C+KC 1+K 


Q.5. What is the effective capacitance between the 
points X and Y ? 


C,=6uF 


(d) None of the above 












C,=6uF C,=20uF C,;=6uF 


ginig 


C, =6uF 
(a) 24 uF (b) 18 uF 
(c) 12 uF (d) 6 uF 
Ans. Correct option : (d) 
Explanation : 


Reconstruction of the circuit results 


pO 


xp 3 uF 


The equivalent capacitance is equal to 3 uF + 3uF = 6uF 


Commonly Made Error 


e The students are unable to draw the circuit for the 
application of the formula for the series and parallel 
combination. 


Answering Tip 


e The concept of Wheatstone bridge should be 
carefully understood in this case. 





(II) FILL IN THE BLANKS 


Q. 1. The capacitance of a spherical capacitor is directly 
proportional to its .......... 


Ans. radius 
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Q. 2. 


A 1-farad capacitor can store ............ charge at 1 


volt. 


Ans. 1 coulomb 


Q. 3. The ratio of electric flux density to electric field 


intensity is known as.............. 


Ans. dielectric constant 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Can we give any desired charge to the capacitor? 


Ans. No, we cannot give any desired charge to the 
capacitor. As we increase the charge after a certain 
amount, the air near the capacitor gets ionized and 
the leakage of the charge starts from it. The electric 
field between the two plates attains the breakdown 


value of the air. 


. Sketch the graph to show how a charge Q acquired 
by a capacitor of capacitance C varies with the 


increase in potential difference. 


Ans. As the charge Q is directly proportional to the 


potential difference, the graph between Q and V 


will be a straight line having slope š =C. 


— 


Q. 1. The battery remains connected to a parallel 
plate capacitor and a dielectric slab is inserted 
between the plates. What will be effect on its 
(i) potential difference (ii) capacity (iii) electric 
field and (iv) energy stored ? 


[CBSE SQP I 2017] 
Ans. When a battery remains connected, 
(i) potential difference V remains constant 1⁄2 
(ii) capacity C increases 1⁄2 
(iii) electric field will remain same 1⁄2 


š 1 ; : 
(iv) energy stored = CV increases as C increases 4 


[CBSE Marking Scheme 2017] 


Detailed Answer : 

When a battery remains connected to a parallel 
plate capacitor and if a dielectric slab is inserted 

between the plates of capacitor, then 
(i) there will be no change in the potential difference as 
the capacitor remained connected with the battery. 
a 
(ii) capacity or capacitance will increase since with 
the introduction of dielectric slab, capacitance of 


A Short Answer Type Questions 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


O — 


V—ə> 


Q.3. 


By what factor does the capacitance of a metal 
sphere increase if its volume is tripled? 

Let the initial radius of the sphere be r 
Capacitance of the sphere C, = 4z8;r 


Ans. 


4 
Now volume of the sphere V = 3 


Let R be the radius of the sphere having volume 3V 
So 3V = =n’ 


3x 4 OR? nR 
3 3 


a 
R=(3r)}r 
Capacitance of the sphere having radius R will be 
C, = 4ne R 


1 
C, =4ne,r(3)? 


1 
G, = 3°C, 


w |=. 


E 3°= 1.44 


OO 


1 


(2 marks each) 





capacitor will result C = <A where x > 1 resulting 


an increase in C. 1⁄2 
(iii) Electric field will remain same as there will be 
no change in potential difference and distance 
between the plates. 1⁄2 
(iv) Energy stored will be increased since from the 


expression U = 1 cv2 , potential difference V 


remains same while C increases which finally 
increases the energy of capacitor. VY, 
Q. 2. A parallel plate capacitor of capacitance C is 
charged to a potential V. It is then connected to 
another uncharged capacitor having the same 
capacitance. Find out the ratio of the energy stored 
in the combined system to that of stored initially 


in the single capacitor. 
Ans. Energy stored in a capacitor 
2 
LI = : CV* or pe 1⁄2 
2 2 C 
Capacitance of the (parallel) combination 
= C + C = 2C 1⁄2 
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Here, the total charge, Q, remains the same : 


q? 
Initial energy = — -— 
Oe 
. _ 1 a° 
and Final energy = ——+— 1⁄ 
2 2C 
final energy 


Ratio of energies = initial energy 


Q 
N 


| 
A| 
Q| 


1⁄ 


N| — 
O 


- 
4 2 


Q. 3. A slab of material of dielectric constant « has 


Ans. 


the same area as that of the plates of a parallel 
plate capacitor but has the thickness 4/2, where 
d is the separation between the plates. Find out 
the expression for its capacitance when the slab is 
inserted between the plates of the capacitor. 


Initially when there is vacuum between the two 
plates, the capacitance of the two parallel plates is, 


A 


Cn = 
b J 


1⁄2 
where, A is the area of parallel plates. 


Suppose that the capacitor is connected to a battery, 
an electric field Eg is produced. 


Now if we insert the dielectric slab of thickness 
t = d/2, the electric field reduces to E. 


Now the gap between the plates is divided in two 
parts, for distance t there is electric field E and for the 
remaining distance (d — t), the electric field is F. % 


If V be the potential difference between the plates 
of the capacitor, then 


V =Et+£E,(d-2) 


y = Fa | Eod spat 
2 2 2 
d E 

= — (E+ E am = K 
Les [o= 
DK 
dE, 

= — (k+l 
T ) 

B ee: 3 

Now, ro A 
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d 4 
Sl ied) 
7 at eA 
We know, C V d(x+)) 1 


Q.4. The given graph shows variation of charge q 


versus potential difference V for two capacitors 
C, and C,. Both the capacitors have same plate 
separation but plate area of C, is greater than that 
of C,. Which line (A or B) corresponds to C, and 


Ans. For G; 


why ? 
A 
q 
B 
V 
Line B 1 
Since slope (q/V) of Line B is lesser than that of Line 
A. 1 


Q. 6. Find total energy stored in capacitors given in the 


circuit 


2uF 
]uF 
6V luF [ f 
| | ` 2uF 
2uF 


[CBSE Sample Question Paper 2019-20] 


Ans. C, and G, are in series 


1 1 1 
— = —+4+—=] 
C' 2 2 
C' = 1uf 1 


C' and C, are in | | 
C" = 1 + 1 = 2uf 
C" and C; are in parallel 


l - L.l Sc"= ips 
C 2, 2 
C" and C, are in parallel 
C,,= 1+ 1 = 2ut 1 
Energy Stored 


1 1 
U= 2 CV? = 7 x 2 x 10° x 62 = 36 x 105] 
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(3 marks each) 


Long Answer Type Questions-I 


@ 
Q. 1. Two identical parallel plate capacitors A and B 





Q. 2. A capacitor of unknown capacitance is connected 


are connected to a battery of V volts with the switch 
S closed. The switch is now opened and the free 
space between the plates of the capacitors is filled 
with a dielectric of dielectric constant x. Find the 
ratio of the total electrostatic energy stored in both 
capacitors before and after the introduction of the 


capacitor = K X C 
.. Energy stored in capacitor A 





across a battery of V volt. A charge of 360 uC 
is stored in it. When the potential across the 
capacitor is reduced by 120 V, the charge stored 
in the capacitor becomes 120 uC. Calculate V and 
the unknown capacitance. What would have been 
the charge on the capacitor if the voltage were 





dielectric. s increased by 120 V? [Delhi (Comptt.) I 2017] 
Ans. Calculation of V and unknown capacitance 2 
Calculation of charge when voltage is increased 
by 120 V 1 
v= A B Capacitance C= Qı 14 
V 
Also, c= Sh = <3 1⁄ 
[O.D. I, II, HII 2017] V; 3 
Ans. Formula for energy stored 1⁄2 

Energy stored before 1 360NC = ee 1⁄4 

Energy stored after 1 y (V —120) 

Ratio 1⁄2 So, Sid 360V = V 
Lo V = 180 V Vj 
Energy stored = ley? = .. Yr Í 
2 aC 
360 uV 2 uF 
= = 1 
Net capacitance with switch S closed 180 V 5 
= C + C = 2C VY, O 
= 3 

Energy stored = T 2CxV2=CV? y, j 300 ⁄ 
After the switch S is opened, capacitance of each Q; = 600 u C ⁄ 


[CBSE Marking Scheme 2017] 


Detailed Answer: 


AS 1 cy? (i) Let the initial voltage = V volts 
2 Charge stored, Q, = 360 uC 
For capacitor B, Q, = CV, = CV m 36 
10% 1C2V2 Now the changed potential 
Energy stored = 2C 2 xe V, = (V — 120) volts 
Charge stored, Q, = 120 uC 
= Ley 7 Q, = CV, (i) 3⁄2 
9 g i Now divide equation (i) by (ii), we have: 
| Q _ cv. 
Total Energy stored = a KCV + Loa Q CW 
2 K 
360uUC y y 
120uC V- ` 
E ev{x+2] ” OMC V -120 
- K On solving, we get V = 180 volts 
1 eat Now value of unknown capacitance C can be 
= no — calculated as. 
K -6 
2CV “K< 
Required ratio = —> 7 
CV“(«* +1) = 2 x: 10°F = Š pr 1⁄ 
ee r (ii) When the voltage applied increases to 120 V, then 
= — = — 1 
(x2 +1) 2 V, = 180 + 120 = 300 V v2 


[CBSE Marking Scheme 2017] 


Finally the charge stored in the capacitor will be : 
Os = CY; 
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= 2 x 10° x 300 C 
= 600 uC 1⁄2 
Q. 3. (i) How many electrons must be added to one 
plate and removed from other so as to store 25.0 J of 
energy in a 5.0 nF parallel plate capacitor ? 
(ii) How would you modify this capacitor so that it 
can store 50.0 J of energy without changing the 


charge on its plates ? [SQP 2017-18] 


Ans. (i) C=5x10°E Uu = 25J 
g” 
. x 
Q = 2UC y 
= 2 x 25 x 5 x 10° 
O=50 % 107°C VY, 
Q= ne % 
QO S0xi0-C 
= ë 1460x107 


= 3-125 x 10” electrons 1⁄2 
(ii) Without changing charge on the plates, we can 
make C half. 
go A 
iy 
Double the plate separation or inserting dielectric 


of dielectric constant of a value such that C will 
become half. 1 


[CBSE Marking Scheme 2017] 


C = 











Q. 4. In the given circuit, with steady current, calculate 
the potential difference across the capacitor and 
the charge stored in it. U| [Foreign I 2017] 
Ans. Value of current 1 
Value of voltage 1 
Value of charge 1 
In the loop ACDFA 
I= e s 2A 1 
(1+2) 
Var = Vie %2 
=6+2=6+ Vc 
Ve= 2 V 2 
Charge OQ=CV-=5uF xX2V 
= 10 uC 1 


[CBSE Marking Scheme 2017] 
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[BI] Q. 5. (i) Find equivalent capacitance between A and B 
in the combination given below. Each capacitor is 
of 2 uF capacitance. 


CG G | G GY] G 
us asss 
(ii) Ifa DC source of 7 V is connected across AB, how 


much charge is drawn from the source and what is 
the energy stored in the network ? U [Delhi I 2017] 














Ans. (i) Calculation of equivalent capacitance 1 
(ii) Calculation of charge and energy stored 1+1 
(i) Capacitors C, Cs, and C, are in parallel 
í Co34 = C, + Cg + Cy 
x Cy34 = 6 UF 1⁄2 
Capacitors C}, C334, and C; are in series 
1 1 = S 


C. Cam: 
eq Cy G Cs 
P wa 
cher 2 6 
6 
c3 = gue 1⁄2 
(ii) Charge drawn from the source 
Q = Ca Y2 


= Êx7 uC = 6uC 1⁄2 


Q2 
2C og 
_ 6x6x10-* x7 
2x6x10° 
= 21 lJ 1⁄2 
[CBSE Marking Scheme 2017] 
Q. 6. A 12 pF capacitor is connected to a 50 V battery. 
How much electrostatic energy is stored in the 
capacitor ? If another capacitor of 6 pF is connected 
in series with it with the same battery connected 
across the combination, find the charge stored and 
potential difference across each capacitor. 


[U] [Delhi II 2017] 





Energy stored, LI = 


1⁄ 


Ans. Calculation of electrostatic energy in 12 pF 
capacitor 1 
Total charge stored in combination 1 
Potential difference across each capacitor %+ 1⁄2 
Energy stored, in the capacitor of capacitance 
12 pF, 


U= Zev? Ya 


512x107? 5050] 


= 15x 10°] 1⁄4 
C = Equivalent capacitance of 12 pF and 6 pF, in 
series, is given by 
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U,=3 x 105 J 
hot, 131 12 q, = C,V Ys 
C i 6 B = 24 x 10 x 50 C 
“ C = 4pF = 125 10°C 1⁄4 
Charge stored across each capacitor 1⁄4 [CBSE Marking Scheme 2017] 
q = CV Q. 8. (i) Obtain the expression for the energy stored 
= J x l0" 50 C per unit volume in a charged parallel plate 
=2 x 0C capacitor. 
Charge on each capacitor 12 pF as well as 6 pF (ii) The electric field inside a parallel plate capacitor 
.. Potential difference across capacitor C; 12 is E. Find the amount of work done in moving a 
_10 charge q over a closed rectangular loop ab c d a. 
yoo + + + + + + + 
-12 
12x10 š b 
<i 7 
.. Potential difference across capacitor C, 
-10 d Ñ 
2x10 
PI sae b F- — _— — Al 
* 6x10 E 
Ans. (i) Work done by the source of potential, in storing 
= 100, 1⁄4 an additional charge (dq), is 
3 dW = V.dq 
[CBSE Marking Scheme 2017] But Te P 
Q. 7. Two identical capacitors of 12 pF each are C 
connected in series across a battery of 50 V. iw- 34 ; 
How much electrostatic energy is stored in the = 7 € q £ 


combination ? If these were connected in parallel 
across the same battery, how much energy will be 
stored in the combination now ? 

Also find the charge drawn from the battery in 


Total work done in storing the charge q, 


each case. [Delhi IIT 2017] 
q 
Ans. Equivalent capacitance in series 1⁄2 1 g” g? 
Energy in series combination 1⁄2 W = ELSIS aC 1⁄2 
Charge in series combination 1⁄4 : 
Equivalent capacitance in parallel combination 1⁄2 This work is stored as electrostatic energy in the 
Energy in parallel combination 1⁄2 capacitor. 
Charge in parallel combination 1⁄2 1 
In series combination : u = 2 CV° (- q = CV) 
1 = 1 = 
= 4 F 1 1 
k. Ë 12 Ip ¿ loy? 
Energy stored per unit volume = EA 
C, = 6 x I0™ E 
1f eA 
1 =| <0" (Edy 
Ll, = —CV’ 
sS 2 u= 2. 4 
i Ad 
L= = x6 x05050] 1 
2 LI = > gE 1 
Gai x 10 °] 1⁄4 
q, = C.V (ii) Work done in moving the charge q from a to b, 
i = Ex 10-22 x 50 C and from c to d is zero because electric field is 
= 300 x 102C perpendicular to the displacement. Vp 
3 x 10-0 C y Work done from b to c = — Work done from d toa % 
= 2 


In parallel combination : 


<. Total work done in moving a charge q over the 
closed loop = 0 


C, = (12 + 12) pF 1⁄4 


- Q. 9. (i) Derive the expression for the capacitance of 
Co = 24x 1Ü F 


a parallel plate capacitor having plate area À and 
plate separation d. 

(ii) Two charged spherical conductors of radii R, and 
R, when connected by a conducting wire acquire 


u, = > <24x10 122500] 
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charges q, and q, respectively. Find the ratio of 
their surface charge densities in terms of their 


radii. 


Ans. (i 
urface 


charge densityo I Area À 


to wanani 
sils 


Surface I 


charge density -6 


Electric field between the plates of capacitor 


o Q 
s £o u Ago à 
Qa 
= Ed = AE, Y 
Capacitance, C= Q = ai 1 
V d 


(ii) When the two charged spherical conductors are 
connected by a conducting wire, they acquire the 
same potential. 1⁄2 

we Sr 4 _ R 


l.e., = = = 


R. R, q> R, 


Hence, ratio of surface charge densities, 


S _ h’ 4nR? 
O> q2 /4nR? 
Si = q R 
© QR 


aS R RoR, 
= 1⁄2 
o Kk < R? o R 


[AT] Q. 10. The capacitors C, and C, having plates of 
area A each, are connected in series, as shown. 
Compare the capacitance of this combination with 
the capacitor C,, again having plates of area A 
each, but ‘made up’ as shown in the figure. 


| 


°°) SSS 


ae oe 
Cı a 
AEg Ky 
Ans. We have C, = Pa 1⁄2 


Q. 11. 


Ans. 


[ 49 


AEg Ky 
d 


e a EO |, 
A C+C da \K+K, 


and C, = 





Now, capacitor C, can be considered as made up of 
two capacitors C; and C,, each of plate area A and 





separation d, connected in series. 1⁄2 
We have Cy = _ 
and C; = Ae Ky 1⁄, 
d 
= c, = CC _ As | 
C+C) d \K, +k, 
C =1 y 
Ce, 
Hence, the net capacitance of the combination is 
equal to that of C3. 1⁄2 
A 200uF parallel plate capacitor having plate 


separation of 5 mm is charged by a 100 V dc 
source. It remains connected to the source. Using 
an insulated handle, the distance between the 
plates is doubled and a dielectric slab of thickness 
5 mm and dielectric constant 10 is introduced 
between the plates. Explain with reason, how the 
(i) capacitance, (ii) electric field between the plates, 


(iii) energy density of the capacitor will change ? 
[O.D. I 2019]/A] 


(i) Change in capacitance 1 
(ii) Change in electric field 1 
(iii) Change in electric density 1 


Dielectric slab of thickness 5 mm is equivalent to 
5 
an air capacitor of thickness = 19 mm 1⁄2 


Effective separation between the plates with air in 
between is = (5 + 0.50) mm = 5.5 mm 


(i) Effective new capacitance 








= 200uF x 5mm _ 2000 uF 
Somm N 
= 182uF 1 
(ii) Effective new electric field 
= 100V 20000 
5.5x10°m Ti 
~18182 V/m 7 
1 Cur 
(iii) New energy stored — 9 C 10 1 


Original energy stored ; ey. C li 


10 Y 
New Energy density will be (2) of the original 


: 100 T 
energy density = —— of the original energy 
: 121 
density. 
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` As, 
[Note : If the student writes C = Fi 
FAG 
m d 
p. V 
d 
U= a: : 
- Award full marks. 


[CBSE Marking Scheme 2019] 


Detailed Answer : 
Given : Capacitance of the capacitor, C= 200 uF 
Potential of dc source, V = 100 V 
Let 'A' be the area of the plate and 'd' be the sepa- 
ration between the plates, 
The capacitance of the capacitor is given as, 
_ & A 
m 

or, 8 = Cd ...(i) 
When the capacitor remains connected with the dc 
source than there willbe no change in potential dif- 
ference. 
(i) Now, according the problem 

Separation between the plates = 2d 

Thickness of dielectric slab, t = 5mm 

= 5.0 x 10°m 
Dielectric constant, K = 10 
New capacitance of the capacitor 


Long Answer Type Questions-II 


Ag, 


CS 
d'—t)+— 
Cae 


Here, d'= 2d and t = d 
As, 


C= — —% _ 

d 
2d-d)+— 
(2d-d)+ 5 





K+1 


_ 10x200 pF _ 182 uF 
(10+1) 
Hence, new capacitance of the capacitor will 
decrease. 
(ii) Since, there in no change in the potential differ- 
ence Hence, there would not be any change in 


Ea = 18182 V/m . 
5.5x10 


(iii) The Energy will decrease because 


electric field. It will be 


1 2 
Ta EN 


or, FE < C [V is constant] 
Hence, the energy density will also decrease. 


(5 marks each) 





Q. 1. (i) Define the capacitance of a capacitor. Obtain 
the expression for the capacitance of a parallel 
plate capacitor in vacuum in terms of plate area A 
and separation d between the plates. 

(ii) A slab of material of dielectric constant « has 
the same area as the plates of a parallel plate 


; š 3⁄4 _: š 
capacitor but has a thickness re Find the ratio 


of the capacitance with dielectric inside it to its 
capacitance without the dielectric. 


[Foreign I, II, III 2017] 


Ans. (i) Definition of capacitance 1 
Obtaining capacitance 2 
(ii) Ratio of capacitances 2 


(i) Capacitance equals the magnitude of the charge 
on each plate needed to raise the potential 
difference between the plates by unity. 1 

OR 

(i) Try yourself, Similar Q.9 (i), Long Answer Type 
Questions-I 

(ii) Capacitance without dielectric, 

Aseo 

d 


C = 


Capacitance when filled with dielectric having 


thickness = 


Aego 


eae 
K 


Ago 34 

= ag a) s] 
4 
4 4K 


4e KA 
d(«+3) 





C Ago 4Kxk 7 d 
ë d(k+3) Ags 
_  #k 
(K+3) 
[CBSE Marking Scheme 2017] 





Ratio 





1⁄2 


Q. 2. (i) Compare the individual dipole moment and the 


specimen dipole moment for H,O molecule and 


O,molecule when placed in 
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(a) Absence of external electric field. (b) Graph : 
(b) Presence of external electric field. 


Justify your answer. 


mi—> 


(ii) Given two parallel conducting plates of area A and 
charge densities + o and - o. A dielectric slab of 





constant x and a conducting slab of thickness d l 1 

each are inserted in between them as shown. I 

(a) Find the potential difference between the d 2d 3d 4d 5d X— 
plates. [CBSE Marking Scheme 2015] 


(b) Plot E versus x graph, taking x = 0 at positive Q. 3. A capacitor of capacitance C, is charged to a 
plate and x = 5d at negative plate. potential V, while another capacitor of capacitance 
C, is charged to a potential difference V,. The 


j _ capacitors are now disconnected from their 
respective charging batteries and connected in 
. E is) i parallel to each other. 
j Š 3 _ (i) Find the total energy stored in the two capacitors 
7 A & _ before they are connected. 
m _ (ii) Find the total energy stored in the parallel 
€<d><d><d >< d—<d > combination of the two capacitors. 


[CBSE SQP 2015-16] (iii) Explain the reason for the difference of energy in 
parallel combination in comparison to the total 
Ans. (i) energy before they are connected. 


wap Non-polar (O3) | Polar (H,O) R] [Comptt. Delhi/O.D. I, II, III 2018] 
In absence of Ans. (i) Finding the total energy before the capacitors 
electric field are connected 1 
individual No dipole | Dipole mome (ii) Finding the total energy in the parallel 
moment exists. | exists. 


nt 
combination 3 
(iii) Reason for difference 1 
Specimen No dipole | Dipoles are ; 
moment exists. | randomly O aN 
oriented. Net P=0 Energy stored in a capacitor = Zev? 1⁄2 





<. Energy stored in the charged capacitors 


In presence of 
electric field 
Individual Dipole moment | Torque acts on the 1 ə 
exists (molecules | molecules to align P= a) 
become them parallel to E. 
polarised.) And E, = low 
Specimen Dipole moment | Net dipole š 
moment exists í 5 1 à 
parallel to Ë. ~. Total energy stored = pale u Vy 


Í (ii) Let V be the potential difference across the parallel 
(ii) (a) VeEd+ d+ Ed t0+Ed = % 
. Equivalent capacitance = (C, + C) 1⁄2 
V =apa+ Eo : T Since charge is a conserved quantity, we have 
K (Ci + C,)V = CV, + GV, 1⁄2 
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CV, +CV (iii) The total energy of the parallel combination is 

jJ 52292 

= > (C26, | different (less) from the total energy before the 
capacitors are connected. This is because some 


<. Total energy stored in the parallel combination energy gets used up due to the movement of 


1 
=> (C, +C,)V? 4 charges. 1 
[CBSE Marking Scheme, 2018] 
_ ACV + C,V>)? y 
2 (C+C) ⁄ 
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UNI-H — CHAPTER 
Current 


Electricity 





Syllabus 


> Electric current, flow of electric charges in a metallic conductor, drift velocity, mobility and their relation with electric 
current; Ohm's law, electrical resistance, V-I characteristics (linear and non-linear), electrical energy and power, electrical 
resistivity and conductivity, temperature dependence of resistance. Internal resistance of a cell, potential difference and 
emf of a cell, combination of cells in series and in parallel. 

>  Kirchhoff’s laws and simple applications; Wheatstone bridge; Metre bridge. 

>  Potentiometer—principle and its applications to measure potential difference and for comparing emf of two cells; 
measurement of internal resistance of a cell. 


Chapter Analysis 


List of Concepts 
Name 


Electric Current, Resistance 
and Cells 


(3 marks) 
(4 ata 


Kirchhoff's f laws, 1Q IO 1Q 
Wheatstone Bridge and (5 marks) | (3 marks) (3 marks) 
their Applications 


Meter Bridge, LO 
Potentiometer and their 20 (3 mark) | (5 one 
Applications (3 marks) 

(3 marks) 





TOPIC.-1 


Electric Current, Resistance and Cells 





Revision Notes 


. TOPIC - 1 
Electric current ' I Electric Current, Resistance and Cells 
> Electric current is defined as the rate of flow of charge, across the P. 54 
l ; _ dq 

corss-section of conductor i.e., I= ai TOPIC - 2 
> When charge flows at a constant rate, the corresponding electric eae bao L eee eae 
eir applications .... P. 71 

current can be written as : [= x TOPIC - 3 


Metre Bridge, Potentiometer and their 


> Conventional current in an external circuit flows from positive Applications P78 


terminal to negative terminal. 
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> Free electrons flow from the negative terminal to the positive terminal in the external circuit. 
> 1ampere current = 6.25 x 10!Š electrons flowing per second. 
> Direct current is unidirectional flow of electric charge. 
Flow of electric charges in metallic conductor 
> When an electric field is applied to a metal at certain points, free electrons experience force and start moving. 
> Without external applied emf, free electrons will move randomly through metal from one point to other giving 
zero net current. 
> Motion of conducting electrons in electric field is a combination of motion due to random collisions. 
Drift velocity, mobility and their relation with electric current 
> Drift Velocity is an average velocity which is obtained by certain particle like electron due to the presence of 
electric field. 
> Drift velocity is written as : 


= eE 
Uj =-—T 
m 


be bana À 
where, relaxation time, t = —, here e = charge, m = mass, À = mean free path 
v 


> When electric current is set up in a conductor, electrons drift through the conductor with velocity v4, is given as 
Vq = He or I = neAv, 
where, I = electric current through conductor, n = number of free electrons per unit volume, 
A = area of cross-section, e = charge of electron 
> Drift velocity of electrons under ordinary conditions is of the order of 0.1 mm/s. 
> Mobility is the drift velocity of an electron when applied electric field is unity. 





Mobility, = 
etE/m et 
Or, u = : = — 


Electrical resistivity and conductivity 


> Resistivity is the specific resistance that is given by the conductor having unit length and unit area of cross-section. 








_ m 
ne?t 
> Conductivity is the reciprocal of resistivity shown as : 
1 ner 
G=+—= 
p m 


Ohm's law 
> The flow of current through conductor is directly proportional to the potential difference established across, 
provided physical conditions remains constant. 





or I< V Scan to know 
é more about 
or, I =GV this topic 
1 
Here, GS = OF eC 
R 
1 OK; 
x i RY Ohm's law 
or, V = IR 


where, R = resistance of conductor 
Electrical resistance 
> Itis an obstacle that is shown by the a body during the flow of current as : 
eee. 
I nett A 


> The resistance of the conductor is given as: R= ms 


A 
is specific resistance or resistivity of the material of conductor. 








m 
where, p=—, 
ne 


> In the series combination of resistances, the current is same throughout each resistor. 
> In the parallel combination of resistances, the potential difference is same across each resistor. 
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V-I characteristics (linear and non-linear) 


> V-I characteristic curves show the relationship between the current flowing through an electronic device and 
applied voltage across its terminals. 


Linear V-I Characteristics 


> A linear V-I curve has a constant slope and hence a constant resistance. Carbon resistors and metals obey the Ohm's 
law and have a constant resistance. This means that the V-I curve is a straight line passing through the origin. 






© Current —~» 





Voltage — 


> An electronic component may exhibit linear characteristic only in a particular region. For example a diode shows 
linear behaviour mostly in its operating region. 


Nonlinear V-I Characteristics 


> A circuit component has a non-linear characteristic if the resistance is not constant throughout and is some 
function of voltage or current. The diode, for example, has varying resistance for different values of voltage. 


Breakdown 





Reverse 


x breakdown 


> However, it has linear characteristic for a narrow operating region. Note that in the graph above we can also see 


the maximum forward and reverse voltage in which the diode can be operated without causing breakdown and 
burning up of the diode. 


Electrical energy and power 
> Electrical energy is stored in the charged particles in an electric field. 


2 
E=Vxixt=ËxRxt=—xt 


where, E = Electrical energy, V = Potentialdifference, t = Time, i = Current, R = Resistance 


> Power is the work done per unit time which is the rate of energy consumed in a circuit. 


P= 
t 
Since Voltage V = AS 
q 
So, P = vł=vī Here -4] 
2 
or P = ËR or = 
R 


The unit of power is J/s or W (Watt). 
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Temperature dependence of resistivity 


> 


With small change in temperature, resistivity varies with temperature as : 


P = Po(1 + a AT) 
where, © = temperature coefficient of resistivity. 


Internal resistance of cell 


> 


> 


> 


Cell is a device that maintains the potential difference that is present between the two electrodes as a result of 
chemical reaction. 

Internal resistance is the resistance of electrolyte that is present in a battery which resists the flow of current when 
connected to a circuit. 

Emf E is the potential difference between the electrodes of cell, when no current flows through it. 


Potential difference and emf of a cell 


> 


The emf and terminal potential difference of a cell : Let emf of a cell be E and its internal resistance, r. If an 
external resistance R be connected across the cell through a key, then IR = V = potential difference across the 
external resistance R. This is equal to the terminal potential difference across the cell. 








E=V+Ir 
= s E-V 
r 
So V =E-Ir 
V <E. (if there is flow of current) 


When current is drawn from a cell, its terminal potential difference is less than the emf. 


Combination of cells in series and parallel 


> 


(ii) 


(i) Series combination of cells : This combination is used when an external resistance (R) of the circuit is much 
larger as compared to the internal resistance (r) of the cell. i.e., 
Scan to know 
R>>r more about 
š J : : this topi 
Let n cells, each of emf E and internal resistance r are connected in series across an external shat: sms 
resistance R, then the current in the circuit will be 








nE 
I S = 
R+nr Electric Current, 
Parallel combination of cells : This combination is used when the external resistance R ismuch | Resistance and 
š f š Cells 
smaller as compared to the internal resistance (r) of the cell, i.e., 
R<<r 
When m cells are connected in parallel across a resistance R, then current through the resistance is given by 
E mE 


Ip 





z R+r/m = mR+r 


If m cells of emfs E}, E>, Es,.....E, and of internal resistances r4, r>, rs,.....r,, are connected in parallel across an 
external resistance R, then the current through the external resistance is given by 


Las ae: P En 





Know the Terms 


Conductors : These are materials, which develop electric currents in them, when an electric field is applied to them. 
Conventional Current : The current that flows from a point at higher (positive) potential to a point at lower 
(negative) potential. 

Relaxation time : The short time for which a free electron accelerates before it undergoes a collision with positive 
ion in the conductor. 


Conductance : It is reciprocal of the resistance of a conductor. i.e., 
1 


R 
Unit : ohm“! (Q 1)/siemen (S)/mho. 
Conductivity : It is the reciprocal of the resistivity of the material of a conductor i.e., 


_ 1 
6 = 


P 
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> Superconductivity : The phenomenon, due to which a substance loses all signs of its resistance, when cooled to 
its critical temperature. 

> Temperature coefficient of resistance : It is defined as the measure of change in electrical resistance of any 
substance per degree of temperature change. 


Know the Formulae 











> Electric Current [= I 
3 
> Drift velocity v; with electric field vj = =e Et 
m 
> Current I with drift velocity o; I = neAv, 
ve v qT 
> Mobility of ch = — = + 
obility of charge u = 
> Mobility and drift velocity ü = WE 
> Current and Mobility I = neA E 
> Resistance, P D., and Current R= Vv 
I 
l 
> Resistance R with specific resistivity R= P7 
m 
> Resistivity with electrons F- — 
net 
" 
> Current density J= x 
1 
> Conductance G= R 
1 
> Conductivity o = A 
> > 
> Microscopic form of Ohm's law J =oE 
> T t fficient of resist Te 
emperature coefficient of resistance = 
Ro x(t; — to) 
) . E 
> Inacell, emf and internal resistance I = 
R+r 
>  ncells of emf E in series emf = nE 
Resistance of n cells in series LR 
(where R is external resistance). ee 
E 
> Current in circuit with n cells in series l= — 
R+nr 
>  ncells in parallel, then emf emf =E 
> Resistance of n cells in parallel R + — 
! _ | E-V 
> Internal resistance of a cell ie a xR 
2 Vv? 
> Power of a circuit P = VI = FR = = 
> Energy consumed E = IVt 


Note : All symbols have their usual meanings. 
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ñ 


Objective Type Questions 


(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Ans. 


Consider a current carrying wire (current I) in the 

shape of a circle. Note that as the current progresses 

along the wire, the direction of j (current density) 

changes in an exact manner, while the current I 

remain unaffected. The agent that is essentially 

responsible for is 

(a) source of emf. 

(b) electric field produced by charges accumulated 
on the surface of wire. 

(c) the charges just behind a given segment of 
wire which push them just the right way by 
repulsion. 

(d) the charges ahead. [NCERT Exemplar] 

Correct option : (b) 

Explanation : As we know that current density (J) 

depends on 

Conductivity [o = 1/ p = V R.A] 

Electric field [ J = o E] 

Current and length and area of cross-section 

But in the given options only b, that is, electric field 

can be varied by the charges accumulated on the 

surface of wire. 


. Which of the following characteristics of electrons 


determines the current in a conductor? 
(a) Drift velocity alone. 
(b) Thermal velocity alone. 
(c) Both drift velocity and thermal velocity. 
(d) Neither drift nor thermal velocity. 
[NCERT Exemplar] 
Correct option : (a) 
Explanation : As we know that, 
I = Anev, 

So current, 

lavi 
And, current (D also depends on n, the number 
of free electrons which increase on increasing 
temperature which make more collisions 
between electrons thereby increase resistance or 
decrease current. 


. Two batteries of emf £, and e, (£, > €,) and internal 


resistances r, and r, respectively are connected in 


parallel as shown in figure : 
E 





S, 

(a) The equivalent emf #,, of the two cells is 
between £; and £, i.e. £ < Eq < >. 

(b) The equivalent emf €,, is smaller than £. 


(c) The £, is given by €,, = 8, + £, always. 


[ 59 


(1 mark each) 





(d) €; is independent of internal resistances r, 
and r,. [NCERT Exemplar] 
Ans. Correct option : (a) 
Explanation : As we know that the equivalent emf 
in parallel combination of cells is : 
= (Er +E) 
a (, +7) 


so, it is clear that part ‘c’ and ‘d’ are incorrect by 
formula. According to this formula only option (a), 
is correct. 

Q.4. A wire of resistance R is divided in 10 equal 


parts. These parts are connected in parallel, the 
equivalent resistance of such connection will be 


(a) 0.01 R (b) OIR 
(c) 10R (d) 100R 
Ans. Correct option : (a) 


Explanation : A wire of resistance R is cut into 10 
equal parts. 


Let new resistance = r 

r = R/10 

They are joined in parallel. 

the resistance = R' 

1/R' = 1/(R/10) + 1/(R/10) + 1/(R/10) + ... (10 times) 
1/R' = 10 x 10/R 

1/R' = 100/R 

R' = R/100 = 0.01 R 


Equivalent resistance = R/100 


(ID FILL IN THE BLANKS 
Q. 1. The unit of conductance :s................ : [R] 
Ans. mho or seimen(s). 
Q. 2. The drift velocity inside a conductor ............. with 
the increase in the current flowing. 


Ans. increases. 


Q. 3. When more than two resistors are connected 
in parallel, .................. remains same for all the 
resistors. [R] 


Ans. potential difference. 
(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Define the conductivity of a conductor. Write its SI 


unit. [R] [O.D. Compt I, II, HI 2017] 
Ans. Definition 1⁄2 
SI Unit ⁄ 
Conductivity is reciprocal of resistivity 

1 
o = — 1⁄4 

p 
Sl unit : S/m (siemens per metre) 1⁄2 


[CBSE Marking Scheme, 2017] 
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Detailed Answer : 


Conductivity of a conductor is the reciprocal of its 
resistivity t.e., 





1⁄4 


SI unit of conductivity is siemens per metre and is 
represented as (S/m). 1⁄2 
Q.2. Define temperature coefficient of resistivity. 
[R] [SQP 2018-19] 
Ans. Fractional change in resistivity per unit change in 
temperature. 1 
[CBSE Marking Scheme, 2018-19] 


Q. 3. Nichrome and copper wires of same length and 
same radius are connected in series. Current I is 
passed through them. Which wire gets heated up 
more ? Justify your answer. [|R] [O.D. I, II, HI 2017] 





Ans. (i) Nichrome y 
(ii) Ry; > Rec, (or Resistivityy; > Resistivityc,,) 
Justification : Conduction of electrons 1 

[CBSE Marking Scheme, 2017] 


Detailed Answer: 
Two wires having similar length and radius, 
Nichrome wire gets heated up more as compared 
to copper wire since resistivity of Nichrome is more 
than that of Copper. 1 

Q. 4. Plot a graph showing the variation of current 
I versus resistance R, connected to a cell of emf E 
and internal resistance r. [CBSE SOP 2017-18] 


E 


Ans. he 
si r+ R 





1 
=> R 


[CBSE Marking Scheme, 2017] 


Q.5. Give an example of a material each for which 
temperature coefficient of resistivity is 


(i) positive, (ii) negative. [U] [CBSE SQP 2015-2016] 


Ans. (i) Cu (metals, alloys). 1⁄2 
(ii) Si (semiconductor). 1⁄2 
[CBSE Marking Scheme, 2016] 

[BIJ]Q. 6. Write the expression for the drift velocity of 


charge carriers in a conductor of length / across 
which a potential difference V is applied. 


[R| [O.D. Comptt. L II, III 2014] 


—eV 

— 
ml 

[CBSE Marking Scheme, 2014] 


Ans. Uj = 1 


Detailed Answer: 


Since drift velocity, vz = wee ..-(i) 
m 


But, E= < ...(ii) 


Now, from equation (i) and (ii), 
—eV 


Drift velocity, vj = za 1 


[BI] Q. 7. How does one explain increase in resistivity of 
a metal with increase in temperature ? 


[O.D. Comptt. I, II, III 2014] 
Ans. With increase in temperature, the relaxation time 


(average time between successive collisions) 
decreases and hence resistivity increases. 


Alternatively, 
Resistivity, p = pa increases as t decreases 
2 
ne T 
with increase in temperature. 1 


[CBSE Marking Scheme, 2014] 


Q. 8. The plot of the variation of potential difference 
across a combination of three identical cells in 
series, versus current is shown below. What is the 
emf and internal resistance of each cell ? 


6 V 


| 


0 1A — 
[R] [O.D. I, II, IIT 2016] 
Ans. Voltage across cell combination 


V=E-Ir 
When current I=0>V=E 
From graph, when I = 0, V = 6 V = emf E = 6 V 
As I = 1 A, at V = 0 (from graph) 
. V=E-Ir>0=6-Ir>-6=-Ir 

r = 6 Q. 1 


Q. 9. Graph showing the variation of current versus 
voltage for a material GaAs is shown in the figure, 
identify the region of : 


Current I 





Voltage V —> 
(i) Negative resistance 
(ii) Where Ohm's law is obeyed. 


[Delhi I, II, III 2015] 
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Ans. From the graph : Ans. From the circuit we see that, the two batteries 

(i) DE shows negative resistance region ⁄ are joined together with positive terminal, so 

(ii) AB region obeys Ohm's law 1⁄2 vaen emi ol bath aia hanes ‘ll Wace 

[CBSE Marking Scheme, 2015] equivalent emf of bo e batteries will result as : 

Q. 10. Draw a graph to show the variation of resistance of j= E z 190 £ 5 £ 1 
a metal wire as a function of its diameter keeping its R 38 





length and material constant. [U| [CBSE SQE 2016] 
[CBSE Marking Scheme 2013, 2018] 


Ans. Ë Alternatively : 
Ent = Er — Es 
= (200 — 10) = 190 V 
D Current in circuit, I = = 


[CBSE Marking Scheme, 2016] 1 


Q. 11. Show variation of resistivity of copper as a pean 99 
function of temperature in a graph. [Ul 38 


Ans. Q.13. What is the value of the current corresponding to 
a point charge moving in a circle with constant 
speed and frequency 'f' ? 

Ans. The current flowing through a circuit can be 


calculated by the rate of charge flow through the 
[CBSE ME Scheme, 2014] 1 


TE i dQ 
ee : ' circuit. The current is given by —. 
Q. 12. A 10 V battery of negligible internal resistance is dt 


connected across a 200 V battery and a resistance If current is steady, then | = Q _ ne 
of 38 Q as shown in the figure. Find the value of t t 
the current in the circuit. If a point charge g is moving in circle with constant 
10 V speed and frequency f, then corresponding 
current. 
I=fq=—q. 
38 Q 200 V 
[Delhi 2018] 


Å Short Answer Type Questions (2 marks each) 








Q.1. A network of resistors is connected to a 16 V 
battery with internal resistance of 1 Q, as shown -|4 aa yy 
in the following figure. Compute the equivalent (a +a) (12+6) 
resistance of the network. = 7 Q 1⁄2 
£0 Š 12 Q [CBSE Marking Scheme, 2018-2019] 


Q. 2. A 9 V battery is connected in series with a resistor. 
The terminal voltage is found to be 8 V. Current 
through the circuit is measured as 5 A. What is the 
internal resistance of the battery? 

[CBSE SQP 2018-19] 





[CBSE SQP 2018-19] Ans. S 1 
Ans. Equivalent Resistance 
9V-—8V 
u R,.R, oe R,.Rs 1 = A v, 
(Ri +R) (R + Rs) 
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= 0.20 1⁄ 1 
— 1 
[CBSE Marking Scheme, 2018] Ta > 
Q.3. Two electric bulbs P and Q have theirresistances [CBSE Marking Scheme, 2018] 
in the ratio of 1 : 2. They are connected in series Detailed Answer: 
across a battery. Find the ratio of the power Since, in series combination of resistance, the 
dissipation in these bulbs. [Delhi O.D. 2018] current flowing is same but voltage is different, 
therefore power dissipation is given by 
Sol. Formula 1⁄2 

Stating that currents are equal 12 Parkas PeR’ P -R +l, 

Ratio of powers 1 a SN 
Power = PR 1⁄2 Now for two bulbs P and Q, we have 
The current, in the two bulbs, is the same as they P R 1 
are connected in series. y, —=—=— 1 
p eae PR; 2 
F = o = a 1⁄4 (Since R; : R, = 1 : 2 given). 
° 2 2 = Ratio of Power dissipation, P, : P, = 1:2 1⁄2 
_— i ka whe ee. W. E: 
st hee k =k ) Z. 
i Ri KX2=2k U 
— Nw, ox in Q jQ Cxuut iwa emais Joma 

— m beth Tu bls. a oe I 

- I MF " 1 ¿£ | o 

— i rA £ _ = [Topper's Answer, 2018] 

Q. 4. Two metallic wires P, and P, of the same material y A 
and same length but different cross-sectional areas = a 1⁄2 
d2 1 


A, and A, are joined together and then connected to 
a source of emf. Find the ratio of the drift velocities 
of free electrons in the wires P, and P, if the wires 


In parallel, potential difference is same but 
currents are different. 


are connected (i) in series, and (ii) in parallel. An 
[Foreign II 2017] = newy X 
Ans. Ratio of drift velocities in series 1 i ; 
: : Wf cat = nepvj 
Ratio of drift velocities in parallel 1 Similarly, V=LR, = repo T 
In series, the current remains the same LR = LR, 
: Pi 5 I > P, ë cS vii = 1 yy 
042 
— z >? [CBSE Marking Scheme, 2017] 


Q. 5. The figure shows a plot of terminal voltage ‘V’ 
UTA ees, a versus the current “° of a given cell. Calculate 
from the graph (i) emf of the cell and (ii) internal 

resistance of the cell. 
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V 
6 V 
4 V 
0 1.0 A 2.0 A 
[O.D. Comptt. I, II, HII 2017] 
Ans. Emf of cell 1 
Internal resistance 1 
(i) E = VforI= 0 
& E=6V % 
(ii) E=V + ir 1, 
a 6 = £ + r 1, 
r=20 1⁄, 


[CBSE Marking Scheme, 2017] 


Q. 6. Two cells of emf E, and E, have internal resistance 
r, and r,. Deduce an expression for equivalent emf 


of their parallel combination. [SOP II 2017] 
Ans. I = I, +I, Y, 
ú E,-V " Fo — V 
nH F, 
|P. Bh [+z] 
1" a. 3 r; wD 
Er» + Esr F +r 
T -W2 —L_ va) 1⁄4 
HT HT 
Ern + E tr. 
ee V= | 1/2 a} 1/2 H uw) J 
H p) 1i + p) H + p) 
Era + E»r. nr 
n n I hH -F P 
Comparing above with 
ys Ee Leg x Bo Y, 
Ern +E 
= —— 1 
We pet J, L V 


Q. 7. A cell of emf 4 V and internal resistance 1 Q is 
connected to a d.c. source of 10 V through a resistor 
of 5 Q. Calculate the terminal voltage across the 


cell during charging. [O.D. III 2017] 
Ans. Calculation of Current 1 
Calculation of Terminal Voltage 1 
10-4 = (1 + 5) ⁄ 
+1 SW 
+| = 


[ 63 
w: I=1A 1⁄¿ 
~. Terminal voltage across cell 
=(4+1x1)V 1⁄2 
=5 V 1⁄4 


[CBSE Marking Scheme, 2017] 


Q. 8. Draw a plot showing the variation of resistivity 
of a (i) conductor and (ii) semiconductor, with the 
increase in temperature. 

How does one explain this behaviour in terms 
of number density of charge carriers and the 
relaxation time ? (U| [Delhi Comptt. I, II, III 2014] 


Ans. (i) Conductor (ii) Semiconductor 


Š 0.4 

s p 

° 

2+ 0.2 

aoe 

= 

QO 

x 

0 50 10 W5J) 
Temperature T (K) T 
P —_ ats 
He“ 


In conductors, average relaxation time decreases 
with increase in temperature, resulting in an 
increase in resistivity. 1⁄2 


In semiconductors, the increase in number 
density (with increase in temperature) is more 
than the decrease in relaxation time; the net result 
is, therefore, a decrease in resistivity. 1 


[CBSE Marking Scheme, 2014] 


Q. 9. Calculate the current drawn from the battery by 
the network of resistors shown in the figure. 


[O.D. I, IL, II 2015] 
2 Q 


K: T a 


2 Q 


4 V 


Ans. The given network has the form given below : 
B 


19 20 


A £ 


22 4Q 


4V 


www.jeeneetadda.in 


64 | Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


It is a balanced Wheatstone Bridge. 1⁄4 
Its equivalent resistance, R is given by 
1 = ETER yy 
R 1+2 2+4 
E 
2 
R=2Q 
4V 
Current drawn = m 2A 1 


[CBSE Marking Scheme, 2015] 


Q. 10. In the circuit shown in the figure, find the total 
resistance of the circuit and the current in the arm 


CD. [Foreign Set 112014] Q.12. 


3 uF 
B 3Q C f E 


Ans. Total emf in the circuit = 8 V-4 V = 4 V 
Total resistance of the circuit = 8 () 
Hence current flowing in the circuit 


V 4 


i= — = — A=05A 


R 8 


Current flowing through the resistors : 
Current through 0.5 Q, 1.0 Q and 4.5 Q is 0.5 A 


Current through 3.0 Q is 1 = ŽA 


Current through 6.0 Q is 31 = =A 


VY 
1⁄2 


VY 


1⁄ 


Two bulbs are rated (P,, V) and (P, V). If they are 
connected (i) in series and (ii) in parallel across 
a supply V find the power dissipated in the two 
combinations in terms of P, and P,. [Delhi I 2019] 








3 3 Q 
Ans. Calculation of Power 
382 39 combinations 
A D F 
v K 
R, p ee p. 
1 2 
15 V _V' E PP, 
Ans. In a steady state (when capacitor is fully charged F, = R M lD 
no current flows through branch CEF and the given os a š 
circuit reduced to — poten! an 
PF, B 
la lll =P +P 
— = — + — = 5 
me K k, V 
Y- 
s 1. — + P, 








1 im I 
= —-+-— 
Regi AD) 6 3 
= RAD) = 20 1⁄2 
Total resistance, Rr = 2 +3 = 5 Q 
Hence I = ZA =3A Y, 
Current through, CD, I, = =xl =1A 1 


Q. 11. In the circuit shown in the figure, find the 
current through each resistor. 
4V 8V 1.00 


= 





6.0 Q 
[Delhi I, II, II 2015] 


p 


dissipation 


in two 
1+1 


1⁄4 


1⁄4 


1⁄4 


1⁄4 


1⁄2 


[CBSE Marking Scheme, 2019] 


Detailed Answer: 


Power dissipation is given by P = oe 


Resistance across two bulbs are 


2 2 
R = mak me 
P, P, 


Total resistance of combination in series, 


R=R +R, =—+— = V’| >+ 


vV? v? 1 1 
P P, 


— Total power dissipated, 





pov V PB 
R alia) pap 
P, P, 


For a parallel combination 
1 1.1 O PFE 


RIR RO V 





2 
p. = 
(P, + P,) 
=> Power dissipated 
y? 


-____ sds =(P +P 
j V? / (P +P.) Cre) 
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À Long Answer Type Questions-l 


Q. 1. Derive the expression for the current density 


of a conductor in terms of the conductivity and 
applied electric field. Explain, with reason how 
the mobility of electrons in a conductor changes 
when the potential difference applied is doubled, 
keeping the temperature of the conductor 
constant. [Delhi Comptt. I, II, III 2017] 


Ans. Derivation of current density 2 


Explanation with reason the change in mobility 
of electrons 1 


Using Ohm's law, 


Ipl 
= R= 1 
Potential difference (V), across the ends of a 


conductor of length 'T', where field 'E' is applied is 


given by 
V = El 
Ipl 
== Vs 


But current density, 


| 
+ 
1 
E; = jee natza 
O P 
= | = eb 1; 
No change 
Mobility, u = 24 
E 
and vj = ~ 1⁄2 
ml 


As potential is doubled, drift velocity also gets 
doubled, therefore, no change in mobility. 1⁄ 
[CBSE Marking Scheme, 2017] 


Q. 2. What is relaxation time ? Derive an expression for 


resistivity of a wire in terms of number density of 


free electrons and relaxation time. 
[AI[SQP I 2017-18] 


Ans. Definition and Derivation. 3 


[CBSE Marking Scheme, 2017] 


Detailed answer : 
(i) Relaxation time shows the effect of collisions 


among the electrons and ions or impurities on 
electrical conduction in a metal. It is the time taken 
for the drift velocity to decay 1/e of its initial value. 
As drift velocity increases, relaxation time decreases 
since the electrons move the distance in which they 
frequently collide faster. 1 


[ 65 


(3 marks each) 


— i 


(ii) When a potential difference V is applied across 


conductor of length I, then drift speed of electron 
will result as : 
eEt 


vq = — 
m 


Im l 


The electric current through the conductor and 
drift speed are linked as I=neAv, 

where, 

n = number density of electrons 

e = electronic charge 

A = area of cross section 


v, = electron drift speed 





I=neA Ë ] ⁄' 
Im 
V ml 
So, ee = 1⁄2 
I ne*tA i 
At constant temperature : 
a 
I 
m l 
Hence, R= x— 1 
É T | A a 
Comparing above expression with 
l 
R= o— 
PA 
where, p = specific resistance 
m 
p= —- y2 
He“ 


Q. 3. Two cells of emfs E, & E, and internal resistances 


r, & r, respectively are connected in parallel. 
Obtain expressions for the equivalent. 

(i) resistance and 

(ii) emf of the combination [U] [CBSE Comptt. 2018] 


Sol. Obtaining Expression for the equivalent 


(i) resistance 1 
(ii) emf 2 
E, 
h | l 
Ny 
AI PB, E. By TC 
I, h 
r 
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1 1 1 

— = —+— 

r H t 
GY. 

= eae A 
+71, 

I= 1, + I, 


V = E- hr and V = E,- hr, 


=V Oe : 
ie r, r, is 


V = |: FET Jal Lh ] i 
hiti tE 
also Vet iha 1⁄4 
' eee 
(i) leq = 1 +r 1 
E, E, 
.. = — + — 
(1 


[CBSE Marking Scheme, 2018] 


Q. 4. First a set of n equal resistors of R each is connected 
in series to a battery of emf E and internal 
resistance R. A current I is observed to flow. Then 
the r resistors are connected in parallel to the same 
battery. It is observed that the current becomes 10 








times. What is n ? [SQP I 2017] 
Ans. r E 1 
(R +nR) 

K+— 
H 
1+n = 10 1+7 10 
(144 (n+1) 
n 
n=10 1 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 
It is observed that an equivalent resistance of series 
combination is in series with internal resistance 
of a battery. Equivalent resistance of parallel 
combination will also be in series with internal 
resistance of battery. 
Hence in series combination of resistors, current I 





will be : Vy 
I= es i) 1 
(R +nR) A 
In case of parallel combination, current 10 I will be : 
E 
—— = 101 ...(ii) 1⁄2 
(es) 
H 
From the equations (i) and (ii), 
I+n 
=10 1⁄4 


g 
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l+n 
TÜ = 
So, (n+1) K; ⁄ 
Hence, n= 10 Y, 


Q.5. The following table gives the length of three 
copper wires, their diameters and the applied 
potential difference across their ends. Arrange 
the wires in increasing order according to the 
following : 

(i) The magnitude of the electric field within them, 
(ii) The drift speed of electrons through them, and 
(iii) The current density within them. 
RI [CBSE SQP 2017-18] 


s š; Potential 





V 


E 





Ans. (i) F, = C E =s, B= 1⁄2 
Bm < E, < B, %2 
(ii) vy E 1⁄4 
Up < 093 < Vii Ya 
(iii) I = neAv, 1⁄2 
J = neo; 
In < h = hy v2 


[CBSE Marking Scheme, 2017] 


Q. 6. (i) The potential difference applied across a given 
resistor is altered so that the heat produced per 
second increases by a factor of 9. By what factor 
does the applied potential difference change ? 

(ii) In the figure shown, an ammeter A and a resistor 
of 4 Q are connected to the terminals of the source. 
The emf of the source is 12 V having an internal 
resistance of 2 ©. Calculate the voltmeter and 


ammeter readings. IR] [O.D. I, IL III 2017] 


R=4Q 

Ans. (i) The factor by which the potential difference 
changes 1 
(ii) Ammeter Reading 1 
(iii) Voltmeter Reading 1 

2 
(i) H= = Vs 
. V increases by a factor of V9 =3 Va 
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i l V 
(ii) Ammeter Reading, I = 1⁄2 
R+r 
2 G A 1⁄4 
4+2 
(iii) Voltmeter Reading, V= E — Ir 1⁄4 


= [12- (2 x 2J] V=8V % 
(Alternatively, V= iR = 2 x 4 V = 8 V) 
[CBSE Marking Scheme, 2017] 


Detailed Answer : 
(i) Let the original potential difference be V volts with 
heat generated as H. 
Now heat generated will be : 
_ V2t 
R 
Take the new potential difference as V and change 
in heat produced be H’, so, 


Change in heat produced : 
12 
mat 
R 
But from the question, if the heat produced by a 
factor of 9, so 


...1) % 


...(2)% 


H =9H 
Now, 
2 2 
R R 
Vv? = 9y? 
V’ = 3V 1% 


Hence, itis clear that the applied potential difference 
increases by factor 3. 

(ii) Considering voltmeter and ammeter to be ideal. 
Then Ammeter reading will be, 


_ 2 
442 
= 2A 
Voltmeter reading will be, 
V=12-1x2 
= 12-2x2 
=8V 
Q. 7. Two material bars A and B of equal area of cross- 
section, are connected in series to a DC supply. A 
is made of usual resistance wire and B of an n-type 
semiconductor. 
(i) In which bar is drift speed of free electrons 
greater? 
(ii) If the same constant current continues to flow 
for a long time, how will the voltage drop 
across A and B be affected? 


Justify each error. [CBSE Comptt. 2018] 


Sol. (a) Drift speed in B (n-type semiconductor) is 
higher 
Reason : I = neAv, is same for both 1⁄4 
n is much lower in semiconductors. 1⁄2 
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(b Voltage drop across A willincrease as the resistance 
of A increases with increase in temperature. ⁄2+1⁄2 
Voltage drop across B will decrease as resistance 
of B will decrease with increase in temperature. 

Yat 7 
[CBSE Marking Scheme, 2018] 


Q. 8. (a) Define the term ‘conductivity’ of a metallic 
wire. Write its SI unit. 


(b) Using the concept of free electrons in a conductor, 
derive the expression for the conductivity of a wire 
in terms of current density and relaxation time. 
Hence obtain the relation between current density 
and the applied electric field E. 


[Delhi & O.D. 2018] 


Ans. (a) Definition and SI unit of conductivity 1⁄2 + % 
(b) Derivation of the expression for conductivity 1% 

Relation between current density and electric field 1⁄2 

(a) The conductivity of a material equals the reciprocal 

of the resistance of its wire of unit length and unit 


area of cross-section. 1⁄2 
[Alternatively : 

The conductivity (o) of a material is the reciprocal of 
its resistivity (p)| 


(Also accept © = 1 ) 
P 


Its SI unit is 


— / ohm !m™ / (mho m `!) / siemen m! 
ohm-metre 1⁄4 
2 
(b) The acceleration, a = -£F 
m 


The average drift velocity, v4, is given by 
V d” ——Tt 
. m .` . . . 
(t = average time between collisions/relaxation time) 


If n is the number of free electrons per unit volume, 
the current I is given by 1⁄2 
2 
eA 
I= neA|v,|= “m E] 1⁄2 


But I= |j|A (j= current density) 
We, therefore, get 
2 
a — We 
|j | — < | È | , 
m 


2 
The term ne is conductivity 


m 
2 

g= i 14 
m 

=$ J=- GE 1⁄2 


[CBSE Marking Scheme, 2018] 
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Detailed Answer : 


` Ube Rue The Y= IR 
7: °C - $$ 


ee vLE  __ _ l 


= v = L T 
hi x | I 
—— u m: Pp ñ 
VA 
| mo Huth Ay mutali, UoI : ho wimg J 
PANU” B ELIT oNu Th SPa t! & fe . Trou 
-i 








—— * R — —. 














m SNE ENE [Topper's Answer, 2018] 


Q. 9. (i) Deduce the relation between current I (ii) Figure shows a plot of current ‘I’ flowing through 
the cross-section of a wire versus the time “f. Use 


the plot to find the charge flowing in 10 s through 
of the electrons. the wire. 


flowing through a conductor and drift velocity v; 
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I(A) V = -1.5 V 
10 In circuit (b), 
Effective emf = (9 — 6) V 1 
=3V 
5 Total resistance = 2 Q 
Current, i= B A=15A 1, 
0 5 10 t(s) Potential difference across 6 V cell 
V=E+tm 
[O.D. I, IL, II 2015] =6+15x1 
Ans. (i) According to the figure, =75 V 1 
Ax = v4 At % Q.14. (i) Show, on a plot, variation of resistivity of (i) a 
Hence, amount of charge crossing area A in time At conductor, and (ii) a typical semiconductor as a 
c Ax = 0, At ———> function of temperature. 


(ii) Using the expression for the resistivity in 
terms of number density and relaxation time 
between the collisions, explain how resistivity 
in the case of a conductor increases while it 
decreases in a semiconductor, with the rise of 








” temperature. [O.D. I 2019] 
x Ans. (i) Characteristic curve between resistivity and 
AQ = IAt = neA|vglAt 7 temperature. 
I = neAv, 1⁄2 (i) For a conductor 
(ii) Charge flowing = >IAt 
= area under the curve + 
i P 
= É 5x5+ sa-5)|c 
T— 
⁄ (ii) For semiconductor 
= 37.5 C 2 
Q. 10. In the two electric circuits shown in the figure, 
determine the readings of ideal ammeter (A) and + 
the ideal voltmeter (V). P 
T — 
For conductor, resistivity is given as 
p=. 
nen 


Here, all alphabets are in their usual meanings. 

P = Po [1 + o(T — Tg] 
Hence, p increases with the increase in temperature 
and decrease in its relaxation time 't' and number 





[Delhi L II, III 2015] 
Ans. In circuit (a), 


Total emf = 15 V density 'n' 
I For semiconductor, resistivity is given as 
Total Resistance = 2 Q p = pre EKT 
l = Po 
Cren SAE A 2 Here, E, is the Band gap energy, K is Boltzmann 
Potential difference between the terminals of 6 V constant 
battery | 
Hence, p decreases with the increase in temperature 
V=E-1r and decrease in 't' and 'n' 


= [6 - (7.5x1)] V 
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P; Long Answer Type Questions - Il 


— 


Q. 1. (i) Derive an expression for drift velocity of 
electronsin a conductor. Hence deduce Ohm'slaw. 


(ii) A wire whose cross-sectional area is increasing 
linearly from its one end to the other, is connected 
across a battery of V volts. Which of the following 
quantities remain constant in the wire ? 

(a) drift speed 
(b) current density 
(c) electric current 
(d) electric field 
Justify your answer. [A] [Delhi I, II, III 2017] 
Ans. (i) Derivation of the expression for drift velocity 2 
Deduction of Ohm's law 2 
(ii) Name of quantity and justification At 
(i) Let an electric field E be applied to the conductor. 
Acceleration of each electron is 
eE 


= 73 
m 
Velocity gained by the electron 
= eE, X 


m 


Let the conductor contain n electrons per unit 
volume. The average value of time 't', between 
their successive collisions, is the relaxation time, 
+. Va 
Hence average drift velocity, o, = L, ye 
The amount of charge, crossing area A, in time At, 
is = neAv,At = IAt 1⁄2 
Substituting the value of o;, we get 


IAt = nea Ja 
m 
2 
pe É aa 
m 


2 
I = É mj 
A m 


2 
em oe 
= oE ° = —— is the conductivity 





m 
But I = JA, where, J is the current density, 1, 
2 
e“ TH 
= | — JE 
=> J = oE 1⁄2 
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(5 marks each) 


This is Ohm's law 
[Note : Credit should be given if the student 
derives the alternative form of Ohm's law by 


substituting F = ~ | 


(ii) (b) Current density will remain constant in the wire. 


1⁄2 
All other quantities, depend on the cross sectional 
area of the wire. 1⁄2 


[CBSE Marking Scheme, 2017] 


Detailed Answer : 
(ii) Out of these, current density remains constant in 
a wire whose cross-sectional area increases linearly 
from its one end to other as current density is : 


| and [ = r 
A R 


l 
Ta Wa and K = p— 
RA A 
L Y U a 
GA of constan 
It is current per unit area that depends on area of 
Cross-section. 1⁄4 
Drift speed is given as : 
i 
4 Ane 


Electric field = J ; where o is electrical conductivity 
O 


1⁄2 
Q. 2. (i) Why do the 'free electrons', in a metal wire, 
‘flowing by themselves', not cause any current 
flow in the wire ? 
Define 'drift velocity' and obtain an expression for 
the current flowing in a wire, in terms of the 'drift 
velocity' of the free electrons. 

(ii) Use the above expression to show that the 
‘resistivity’, of the material of a wire, is inversely 
proportional to the ‘relaxation time’ for the ‘free 
electrons’ in the metal. [Foreign Comptt. 2016] 


Ans. (i) The free electrons, in a metal, (flowing by 
themselves), have a random distribution of their 
velocities. Hence the net charge crossing any cross 
section, in unit time, is zero. 1, 


The 'drift velocity' equals the average (time 
dependant) velocity acquired by free electrons, 
under the action of an applied (external) electric 
field. 1 
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as Because of the drift, we can write 
We have, for an applied electric field F 


£ 
IAt = + neA |o, |At 








— 
a = — eE 1 ne? A T 
m = TtAt | E| 1⁄2 
ae 
> > eE ~ 
euS (7) my es (t) average 1⁄2 But Ue [JA 
average m 
; ; Sec = ne? => 
The average time, between successive collisions, a II = —x|b] 
is called the 'Relaxation time' and is denoted m 
bv T = => 
y But IJI = o|E| 1⁄4 
> E 
e 2 
0g =- | — p B ne 
a m Í ° “. G = conductivity = ——t 
m 
Also we can write, 
Also we can write, 
I = neAv; % 
(ii) We have 
il m 
k aT 
O net 
1 
p < — ⁄ 
T 


[CBSE Marking Scheme, 2016] 


TOPIC-2 


Kirchhoff's Laws, Wheatstone Bridge and their Applications 





° ° Scan to know 
Revision Notes ata 
this topic 
Kirchhoff’s Laws 
> Kirchhoff’s Laws tell us about the relationship between voltages and currents in circuits. 
First Law Kirchhoff's Laws, 
> Kirchhoft’s first law is also known as junction law which states that for a given junction or eo 
node in a circuit, sum of the currents entering in a junction will be equal to sum of currents "== mamana 





leaving that junction. 


L = L, + L, 





OR 
> The algebraic sum of all currents meeting at a junction in a closed circuit is zero. i.e., ZI = 0 
> This is called the law of conservation of charge. 
Second Law 


> Kirchhoff’s second law is also known as loop law which shows that around any closed loop in a circuit, sum of 
the potential differences across all elements will be zero. 
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l.e., >V = 0or >V = >IR 


> This is called the law of conservation of energy. 





For example : Applying Junction law in loop AFEBA 
Ei- E; = hR -hR 
Wheatstone Bridge 
> Itis a circuit having four resistances P Q, R and S, a galvanometer and a battery connected as shown. 
B 


Scan to know 
more about 
this topic 


Wheatstone 
Bridge 





Wheatstone Bridge 
> Itis a balanced bridge when there is no current through the galvanometer and potential at node B will be equal 
to potential at node D resulting as : 


P_ R 
Vz ~ Vp = 0or Oo s 
> Conductance : The reciprocal of resistance with unit as siemens, “S.” 
Node : An end point to any branch of a network or a junction common to two or more branches. 
> Permittivity : The ability of a material to store electrical potential energy under the influence of an electric field 
measured by the ratio of the capacitance of a capacitor with the material as dielectric to its capacitance with 
vacuum as dielectric. 
> Galvanometer: An instrument for detecting and measuring small electric currents. 


Vv 


Know the Formulae 


> Kirchhoff's Law (Junction law) >I= 0 
Kirchhoff's Law (Loop law) >V = 0 


P R 
Wheatstone Bridge AVgp = 0 or o = r: 


A Objective Type Questions (1 mark each) 





e 
(I) MULTIPLE CHOICE QUESTIONS (d) measure quantities such as capacitance, 
Q. 1 By using the variations on a Wheatstone bridge we inductance and impedance. 
can Ans. Correct option : (d) 
(a) measure quantities such as voltage, current Explanation: A Wheatstone bridge consists of 
and power resistive arms. It is used for the measurement of 


quantities such as capacitance, inductance and 
impedance by making use of the variations because 
the ratio can be applied to these quantities as well. 


(b) measure high resistance values 
(c) measure quantities such as complex power 
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Q. 2. The given figure shows the Wheatstone bridge 
method for measurement of unknown resistance 
R. The balanced equation for Wheatstone bridge is 


given by: 


(c) R. 





Ans. Correct option : (a) 
Explanation : A Wheatstone bridge is an electrical 
circuit used to measure an unknown electrical 
resistance by balancing two legs of a bridge circuit. 
It is said to be balanced when the ratio of two 
resistances on the left is equal to the ratio of two 
resistances on the right. 


Q. 3. Consider the following figure and chose the correct 
option 





(b) i, + i, = i, + i, 


a) i, +i, =i +i 
ae Ay Sag 35 


(c) i, + i = i- i 


Å Short Answer Type Questions 


[ 73 


Ans. Correct option : (a) 
Explanation : Kirchhoff’s First Law states that the 
total current entering a junction is equal to the total 
current leaving the junction. Thus, the algebraic 
sum of currents at a junction is zero. 


(II) FILL IN THE BLANKS 
Q. 1. The point at where the terminals of two or 
more circuit elements meet is known as ......... -R 
Ans. Node. 


Q. 2. When the variable resistor is adjusted and the 
Wheatstone bridge is balanced, then the current in 


the galvanometer becomes....... š 
Ans. Zero. 
Q. 3. Kirchoff’s voltage law is also known as........... -R 


Ans. Kirchoff’s loop rule. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. What do you mean by sensitivity of the meter 
bridge? [R] 

Ans The Wheatstone bridge is more sensitive when all 
their resistances are equal, or their ratio is unity. 
Their sensitivity decreases when their ratio is less 
than unity. 

Q. 2. What is the significance of junction rule? 

Ans Conservation of charge because the total incoming 
current for a junction is equal to the total outgoing 
current. 

Q. 3. What is the principle of the Wheatstone bridge? [R] 

Ans. The Wheatstone bridge works on the principle 

of null deflection, i.e. the ratio of their resistances 

are equal, and no current flows through the 
galvanometer. 


(2 marks each) 





Q. 1. State Kirchhoff's rules. Explain briefly how these 
rules are justified. R [Delhi I, II, HI 2014] 


Ans. Kirchhoff’s first law is known as junction rule 
which states that for a given junction or node in a 
circuit, sum of the currents entering will be equal 
to sum of currents leaving. 1, 
Kirchhoff’s second law is also known as loop rule 
which shows that around any closed loop in a 
circuit, sum of the potential differences across all 
elements will be zero. 1⁄2 
Justification : The junction rule is in accordance 
with the conservation of charge that serves as 
basis of current rule while loop rule is based on 
law of conservation of energy. 1 


[CBSE Marking Scheme, 2014] 
Q. 2. Use Kirchhoff’s rules to obtain conditions for 
the balance condition in a Wheatstone bridge. 
AJ [Delhi I, II, III 2015] 








Ans. Applying Kirchhoff’s loop rule to closed loop 
ADBA 





-LR, + [Re + LR; = 0 (1, = 0) a) 1⁄2 
For loop CBDC, 
-I,R, + LRç + LR; = 0 (I, = 0) ...(ii) 
from equation (i) 
I R 
r a m 
I, Ry 
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From equation (ii) 


D ži 1 
I 2 w: R3 ç 
TE ! 
R3 i R4 š 
or, P = R yy 
O ° 


[CBSE Marking Scheme, 2015] 


Q.3. A 10 V cell of negligible internal resistance is 
connected in parallel across a battery of emf 200 
V and internal resistance 38 Q as shown in the 
figure. Find the value of current in the circuit. 


10 V 
A | C 
B | D 
200 V L 
[Delhi & O.D. 2018] 
Ans. Writing the equation 1 
Finding the current 1 
By Kirchhoff's law, we have, for the loop ACDBA, 
+ 200 — 38: — 10 = 0 1 
190 
i= —A=5A 1 
"38 
Alternatively : 
Finding the Net emf 1 


Å Long Answer Type Questions-l 


Q. 1.State Kirchhoff”s laws of current distribution in 
an electrical network. 
Using these rules determine the value of the 
current J, in the electric circuit given below : 


A 20 Q F 
L 
40 Q 40 V 
B E 
ls 
I, 

Ç D 
80 V cos R&A 
Ans. (i) Kirchhoff's laws 1 
(ii) Finding value of current I, in electric circuit 2 


Detailed Answer : 


(i) Try yourself Similar to Q. 1, Short Answer Type 
Questions 1 


(ii) Now from the given figure, 


Stating that I = = 1⁄2 
10 V 
A C 
B D 
200 V ides 
Calculating I 1⁄2 


The two cells being in ‘opposition’, 
~. net E.M.F. = 200-10 V=190 V 





Now V 
l= — 
R 
BEED” PR 
38 Q 
[Note : Some students may use the formulae 
k WE 
ret, T 
rr. 
and r= (n) 
(n +n) 


For two cells connected in parallel 


Then we can say that r = 0; 
E is indeterminate and hence Iis also indeterminate 
Award full marks (2) 
to students giving this line of reasoning. |] 
[CBSE Marking Scheme, 2018] 


(3 marks each) 


I, + L, = L, ...(i) 
I, = L-L ...(ii) 
For ABEFA 
— 201, — 401, = — 40 
— 20(1, + 21) = — 40 
L + 21, = 2 ... (Hi) 
For BCDEB 
401, + 201, = 80 + 40 
20(21, + L) = 120 


21, + L, = 6 
21, + (I, —- 1) = 6 using eq. (i) 
21, + l-l = 6 
3I,-1, = 6 ...(iV) 
Now solving eqns. (iii) and (iv), 
We get I, = == 16A 
6 
and L, = E A=-12A 
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Now, from equation (ii), 


h = l-h 
= = 1.6 — (-1.2) 
=> = 1.6 + 1.2 
= = 2.8 A 1 


Q. 2. Using Kirchhoff's rules, calculate the potential 
difference between B and D in the circuit diagram 


as shown in the figure. 
2V 2Q B 





[CBSE-2018 Comptt.] 


Sol. Writing the two loop equations n+ 
Finding the current through DB 1⁄2 
Finding the p.d. between B and D 1⁄2 
Using Kirchhoff's voltage rule, we have : 

For loop DABD 
(1 x I, + (1) + (2) + 21, + 2, + L) = 0 
Or 54 + 21, = 1 . (1) 
For loop DCBD 
+ L, x 3 + (3) + (-1) + 1X 1,4 2, + Lj) = 0 
Or 21, + 6l, = -2 (ii) 1⁄2 
Solving (i) and (ii), we get 
hs k A % 
13 
I, = Sy 1, 
13 
.. Current through DB = I, + I, = = VY, 
~. P.D. between B and D = 0.154 A 1⁄2 


[CBSE Marking Scheme, 2018] 


Q.3. Using Kirchhoff”s rules determine the value of 
unknown resistance R in the circuit so that no 
current flows through 4 Q resistance. Also find 
the potential difference between À and D. 

19 


1 9 





A B 
9V 3V 
Ans. Apply Kirchhoff’s Voltage rule 
For loop ABEFA 
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-9+6+4x0+2] =0 1⁄4 
21-3 = 0 
I= A y 
=15A 
For loop BCDEB 
3+IR+4 x0-6=0 1⁄4 
A IR=3 
Substituting the value of current I, 
3 x R=3 
2 
i R=2Q la 
Potential difference between A and D through 
path ABCD : 


+9-3-Ž x 2 = Van 


E> Vap = V 1 
[Alternatively through path AFD] 
3 
—~ X2=V 
2 AD 

= Vap = a V 


[CBSE Marking Scheme, 2012] 


Q. 4. The galvanometer, in each of the two given circuits, 
does not show any deflection. Find the ratio of the 
resistors R, and R, used in these two circuits. 


4Q R1 6 Q 12Q 
O 
6 Q 9 Q 
@ 
3.0 V 1.20 Q 
[CBSE SQP 2013] 


Ans. For circuit 1, we have, (from the Wheatstone bridge 
balance condition), 


4 6 
e s 1 
R, 9 a 


In circuit 2, the interchange of the positions of the 
battery and the galvanometer, does not change 


the (Wheatstone Bridge) balance condition. VY 
R, = 6 1 
8 1 f 

or R, =4Q 1⁄2 
ketal 7 
R, 4 2 


Q. 5. Using Kirchhoff's rules, calculate the current 
through the 40 © and 20 © resistors in the following 
circuit : 
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GUV 200 





E a F 
40V 10Q 
[Delhi I 2019] 
Ans. (a) Writing two loop equations i+1 
(b) Calculation of currents through 40 © and 20 Q 
resistors 1 
In loop ABCFA 
+80 — 201, + 401, = 0 
4= I, = 21, 1 


4 Long Answer Type Questions - Il 


60 V 200 





10Q 


40V 

In loop FEDEA 
—401, — 10(1, + L) + 40 = 0 
-501; — 101, + 40 = 0 


51, + 1, =4 1 

Solving these two equations 
L=0A 72 
L=4A y2 


[CBSE Marking Scheme, 2019] 


(5 marks each) 


Q. 1. (i) State the two Kirchhoff's laws. Explain briefly Detailed Answer : 


how these rules are justified. 

(ii) The current is drawn from a cell of emf E and 
internal resistance r connected to the network 
of resistors each of resistance r as shown in the 
figure. Obtain the expression for (i) the current 
drawn from the cell and (ii) the power consumed 
in the network. 


A B 


ET 


IR [Delhi Compt I, IL HI 2017] 


Ans. (i) Try yourself Similar to Q. 1, Short Answer Type 
Questions 3 


(ii) Equivalent resistance of the loop 





R=— 1⁄4 
Hence current drawn from the cell 
I = > E = 3E Y, 
a T 
3 
Power consumed, P = PR y 
9E? Ar 
= = x — 
167 3 
3E” : 
= Ys 
Ar ; 


[Note : Award the last 1/2 marks for this part, if the 
calculation, for these parts, are done by using (any 
other) value of equivalent resistance obtained by 
the student.] [CBSE Marking Scheme, 2017] 


(ii) Consider the circuit : 


Since the resistances and internal resistance in the 
above circuit having similar resistance ‘r, so we use 
horizontal symmetry criteria to find the current. 
Now taking mesh 1, then resistance will be : 


1 1 1 
os = — + — 
R r 2r 
AA 
RI 2r 
3 
Further since both mesh 1 and 2 are similar, 
ee i 
2 3 2 
Now combining resistances R, and R, we get : 
ee 
R R, R (As Ry || R3) 
1 1 1 
= ee 1 
R 2r 2r 
3 3 
R=— 1 
3 


As the circuit is in series with internal resistance, 


then resultant S will be : 
r r 


r= r+—=— %2 
9. ` 
Hence the current drawn from the cell will be : 
E -3E 
= = 1 
r' 4r 
Now power consumed by the network : 
P = Ir 1⁄4 
Ar 3 
3E2 1 
<. Power, p= — 
Ar 
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Q. 2. (i) State Kirchhoff's rules for an electric network. 
Using Kirchhoffs rules, obtain the balance 
condition in terms of the resistances of four arms 
of Wheatstone bridge. 


(ii) In the meter bridge experimental set up, shown 
in the figure, the null point 'D' is obtained at a 
distance of 40 cm from end A of the metre bridge 
wire. If a resistance of 10 © is connected in series 
with R,, null point is obtained at AD = 60 cm. 
Calculate the values of R, and R,. 





R 
Ans. (i) Try yourself Similar to Q. 1, Short Answer Type 
Questions 2 
Try yourself Similar to Q. 2, Short Answer Type 
Questions 1 
R. 40 2 
11 — = — = — 1 
(11) R, .60 W A 
R, 40 2 
+° 
F, Wan. 2 
> TEU 
3 R 2 
Substituting for R, and finding the value of R, 
R. = 8 Q 1, 


[CBSE Marking Scheme, 2013] 


Q.3. (i) Obtain the condition under which the current 
flowing, in the current detecting device, used in 
the circuit shown in the figure, becomes zero. 






Detecting 
Device 





(ii) Describe briefly the device, based on the above 
question. Draw a circuit diagram for this device 
and discuss, in brief, how it is used for finding an 
unknown resistance. [Foreign Comptt. 2016] 
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Ans. (i) The given circuit can be redrawn as shown : 
b 





It is, therefore, a Wheatstone Bridge. VY, 
Using Kirchhoft's laws, we get (when i, = 0) 


i = 13 
and i = i4 
For the loop ABDA, we have 7 
-4P + iX = 0 or 4P = LX 
For the loop BCDB we have, 
-iQ +i, R =0oriQ = iR 


Dividing we get, 
iP _ bX 
iQ i R 
F X eat fo 8 
or — = 75 (~ 4, = i and i = i4) 1⁄2 


Q R 

(ii) A simple device, based on the above condition, is 
the metre bridge. It has a (uniform cross-section) 
wire of length 1 m stretched out between two thick 
metallic clamps. It has two gaps for connection a 


resistance box and the unknown resistance. yy 
The circuit diagram, for the metre bridge, is shown 
here. 





We move the jockey, on the wire of the meter 
bridge, till we find a point at which the deflection 
in G, is zero. we can have 


R x 


oan u 


l 
or S = RIS yy 
L 


Knowing R, and finding /, and l, = (100 — 4), we 
can easily calculate X. 1⁄ 
[CBSE Marking Scheme, 2016] 
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TOPIC-3 


Metre Bridge, Potentiometer and their Applications 





Revision Notes 
Metre Bridge 


> Itis an instrument which is used to find the unknown resistance of a coil or a material connected in a circuit. 
> Itis also known as slide wire bridge which is an instrument that works on the principle of Wheatstone bridge. 
> Metre bridge has two metallic strips which act as holders for the wire that are made of metals like copper. 

> In metre bridge : 

° Resistance box R; and unknown resistance R are connected across the two gaps of metallic strips. 


° One end of galvanometer is connected to the middle lead of metallic strip placed between L shaped strips while 


other end is connected to a jockey. Scan to know 


° Jockey which is a metal wire having one end as knife edge is used for sliding on the bridge wire. = bo 


Measurement from the Metre bridge : 


> At negative terminal of galvanometer, there appears zero deflection that makes jockey to 
connect to negative point on the wire. 

> The distance from point X to Y is taken as L, cm while the distance from point Y to point Z is 
taken as L, cm which can be (100 — L,) cm. 





Metre Bridge 


> Metre bridge can be drawn similar to Wheatstone bridge as : 


R Resistance Box 
B 


R 








Metre bridge Wheastone bridge 
From the above arrangement : 
Rp a R 
Resistance acrossXY Resistance across YZ 
Now, CS eee [As,R _ pl 
ph pl; A 
A A 
R R 
Further, — === === “+ L, =100— L 
A A 
Hence, Rg = R 
L, 100-L, 


Potentiometer 


> Potentiometer is a device which measures the emf of a particular cell and helps in comparing Bean n 


the emfs of different cells. ss 
> Potentiometer depends on deflection method where zero deflection results in non drawn of 
current from the cell or circuit. 
> It serves as an ideal instrument of infinite resistance for measuring the potential difference. a Aae A 
an eir 


> Potentiometer comprises of long resistive wire AB of length L (about 6 m to 10 m long) made up | Applications 
of manganin or constantan. 
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> 
> 


In this, a battery of known voltage E and internal resistance r forms the primary circuit. 


In the potentiometer circuit, one terminal of other cell is connected at one end of main circuit while other terminal 

is connected at any point on the resistive wire through galvanometer G which forms the secondary circuit. 

r E; K R; 
e 








Primary 
Circuit 


Secondary 
Circuit 


where, J = Jockey, K = Key, R, = Variable resistance which controls the current through the wire AB 


In the circuit: 


> 
> 


> 
> 


Specific resistance (p) of wire is high while its temperature coefficient of resistance is low. 


At point A, all high potential points of primary and secondary circuits are connected together, while all low 
potential points are connected to point B or jockey. 


Value of known potential difference is more than the value of unknown potential difference that is to be measured. 


The current in primary circuit should remain constant and jockey should not slide with the wire. 


Principle of Potentiometer 


> 


> 


Potentiometers are displacement sensors that produce electrical output in proportion to the mechanical 

displacement. 

It can be used to measure the internal resistance and emf of a cell which cannot be measured by voltmeter. 

The basic principle of potentiometer is that the potential drop along any length of the wire is directly proportional 

to its length. So, when a constant current flows through a wire of uniform cross-section and composition then, 
Væl. 

When there is zero potential difference between two points, there will be no flow of electric current. 


Applications of Potentiometer : In measuring potential difference and comparing emf of cells in measuring 
potential difference. 


In a potentiometer, auxiliary circuit comprises of battery of emf E connected across terminals A and B with 
rheostat R, resistance box and key K in series where resistance R, is connected to terminal A and jockey J through 
galvanometer with cell E, and key Ķ in series, then if key K, is closed, current will flow through resistance R, 
where a potential difference is developed. 
If J is the position of jockey on potentiometer wire which gets adjusted in such a way that galvanometer shows 
no deflection, then AJ will be the balancing length / on potentiometer wire. 
Here, the Galvanometer will show no deflection as potential is same if key K is potential gradient of potentiometer 
wire, then potential difference across resistance R, will result as : 
V=Kl 
If r is the resistance of potentiometer of length L, then current through potentiometer will be : 
I= E 
R+r 





Potential drop across potentiometer wire will be : 


E 
Ir or Xr 
[=| 


Now potential gradient of potentiometer wire which is potential per unit length is : 


K= E wa 
R+r) L 


V= E <l 
R+rJ L 











Application of Potentiometer comparing emf of cells 


> 


If a positive terminal of the cell of emf E, is connected to terminal A while negative terminal is connected to jockey 
by galvanometer, then by closing the key, jockey will move along the wire AB and null point is obtained where 
galvanometer shows no deflection. 
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Ey K3 
Battery Pz A 
A 
| 
© 
Rf Py 
I 
Ky A> P> 1 
B y z 


> When the length of wire AP as l is measured, then potential difference across it, will balance the emf E,, 
So E, = Kl, where K is potential gradient of the wire. 


> When cell of emf E} is disconnected while cell of emf E, is connected, then E, = KL. 


> On comparing and dividing we get an expression : 
Fy _ 4 


E b 


> By knowing the values of l, and 1, the emf of two cells can be compared. 


Applications of potentiometer in measurement of internal resistance of cell 
(i) Initially, in secondary circuit, key K' remains open and the balancing length (4) is obtained. Since, cell E is in open 
...(a) 


circuit so its emf balances on length l, i.e. E = Kl, 


R, 
(Rheostat) 





(ii) Now key K' is closed so cell E comes in closed circuit. If the process is repeated again, then the potential difference 
...(b) 


V balances on length l, i.e., V = Kl, 


(iii) By using formula, internal resistance, r = E A ] .R 


L-l ! 
= I l, ° jr [Using eqns. (a) and (b)] 
Know the Formulae 

. ; V iR E R 

> Potential gradient : Kes s us EN | S 

= S L -L k)i 

; E L-l, 
> Internal resistance of a cell : r= vy 1|xR= “a xR 
Ü 

; I F 4 
> Comparison of emf’s of two cells : === 
E h 
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— 


4 


Objective Type Questions 


(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Q. 2. 


Ans. 


Q. 3. 


Ans. 


A resistance R is to be measured using a meter 
bridge. Student chooses the standard resistance S 
to be 100 Q. He finds the null point at J; = 2.9 cm. 
He is told to attempt to improve the accuracy. 
Which of the following is a useful way? 
(a) He should measure l, more accurately. 
(b) He should change S to 1000 © and repeat the 
experiment. 
(c) He should change S to 3 © and repeat the 
experiment. 
(d) He should give up hope of a more accurate 
measurement with a meter bridge. 
[NCERT Exemplar] 
Correct option : (c) 
Explanation : To calculate resistance, R 


L 
ee aia 


qin 52 
7 97.1 


= 2.98 Q 
So, to get balance point near to 50 cm (middle) we 
have to take S=3 Q, as here R : S =2.9 : 97.1 implies 
that S is nearly 33 times to R. 
In order to make ratio R and S=1: 1, we must take 
the resistance S =3 Q. 
The resistance in 2 gaps of meter bridge are 10 ohm 
and 30 ohm if the resistance are interchanged the 
balancing point shifts by : 
(a) 33.3 cm 
(c) 25cm 
Correct option : (d) 
Explanation : 


S= (=) -R Initially, 


66.67 cm 
50 cm 


(b) 
(d) 





30 =| 70 10 = 1= 25cm 


Finally, 





10= (70) <30.= 1=75cm 


So, shift = 50 cm. 

In order to achieve high accuracy, the slide wire of 
a potentiometer should be [RI 
(a) As long as possible (b) As short as possible 
(c) Neither too small not too large (d) Very thick 
Correct option : (a) 

Explanation: The potentiometer is based on 
the principle that the potential drop is directly 
proportional to length of the wire. So, for longer 
length, the potential gradient would be smaller. 
Thus, the distance of the null position is increased 
which helps in the precise measurement. 


Q. 4. 


Ans. 


[ 81 


(1 mark each) 





For the measurement of potential difference, 

a potentiometer is preferred over voltmeter 

(a) potentiometer is more sensitive than voltmeter 

(b) the resistance of potentiometer is less than 
voltmeter 

(c) potentiometer is cheaper than voltmeter 

(d) potentiometer does not take any current from 
the circuit. 

Correct option : (d) 


because: 


Explanation: When a voltmeter draws a small 
current from the cell for its operation, it measures 
the terminal potential difference in a closed circuit 
which is less than the electromotive force of a cell. 
That is why a potentiometer is preferred over a 
voltmeter for measuring the emf of a cell. 


(ID FILL IN THE BLANKS 


Q.1 The material used for the potentiometer wire is 


Ans. 
Q. 2. 


Ans. 
QO. 3. 


Constantan or Manganin. 

The connecting resistors in a meter bridge are 
made Of.......... [R 
Thick copper strips. 

If E, and E, are the emfs of two cells, then the ratio 
of E, and E, in terms of the balancing lengths is 


Equal to suminis ; 


R 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Why is potentiometer preferred over a voltmeter 


for determining the emf of a cell ? 
[U] [Delhi Comptt., 2016] 


Ans. Potentiometer does not draw any (net) current 


from the cell. Voltmeter draws some current from 
cell, when connected across it, hence it measures 
terminal voltage. 1 

[CBSE Marking Scheme, 2016] 


Detailed Answer : 


Potentiometer is preferred over voltmeter because 
voltmeter needs a current to pass through it so as 
to measure the potential difference. The potential 
difference being measured by the voltmeter is given 
as V=E-IR 1⁄2 


Hence the voltage V measured is less than emf of a 
battery E. Potentiometer does not draw any current 
from the celland hence will not cause such problem 
and can measure the emf directly. VY, 


. Give the formula to determine the internal 


resistance of the cell using potentiometer. 
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Ans. wire is given as 6 x 10“ m2, Find the potential 
gradient if a current of 1 A is flowing through 
the wire. 


r= rja m. 
l, 
where 1, and 1, are the balancing lengths without 


. . Ans. The potential gradient k = L 
and with the external resistance respectively. L 


Q. 3. How the error in finding the resistance in a meter = IR 
bridge can be minimized? i L/A) 

Ans. The error in finding the resistance in a meter -— 
bridge can be minimized by adjusting the I 
balancing point near middle of the bridge == 


(close to 50 cm) by suitable choice of standard 


ss Substituting the values we get k =1 x 5 x 10% 


Q. 4 The resistivity of a potentiometer wire is given 6 x 10 m? = 0.83 x 107 V/m 


as 5 x 10 Om. The area of cross section of the 


Å Short Answer Type Questions (2 marks each) 


Resistance box 








Q. 1. The diagram below shows a potentiometer set 
up. On touching the jockey near to the end X of 
the potentiometer wire, the galvanometer pointer 
deflects to left. On touching the jockey near to end 
Y of the potentiometer, the galvanometer pointer 
again deflects to left but now by a larger amount. 
Identify the fault in the circuit and explain, using 
appropriate equations or otherwise, how it leads to 
such a one-sided deflection. 


im 


(a) Write the formula to be used for finding X from the 
observations. 





(b) If the resistance R is increased, what will happen 
to balancing length? R&U| [CBSE SQP 2018-19] 





[CBSE S.Q.P 2018-19] | SOL (a) X = (100-0 RA 1 
(b) Balancing length will increase in increase of 
Sol. The positive of E, is not connected to terminal X. 1⁄2 resistance R i 


[CBSE Marking Scheme, 2018] 


Q. 3. In a potentiometer arrangement for determining the 
emf of a cell, the balance point of the cell in open 
circuit is 350 cm. When a resistance of 9 Q is used 
in the external circuit of the cell, the balance point 
shifts to 300 cm. Determine the internal resistance 





of the cell. [ Delhi & O.D. 2018] 
loop PaA, Ei = Vo F Bee = U Sol. Stating the formula 1 
emrt an a Calculati 1 
Varak if, alculating r | _ 
So, Vç (or deflection) will be maximum when | is We have, r= Ë = J = =, 1 
maximum t.e., when jockey is touched near and Y. - 
Also, Vç (or deflection) will be minimum when lis 
350 — 300 i 
minimum 1.e., when jockey is touched near end X. — 300 _ x9 Q 72 
[CBSE Marking Scheme, 2018] 
Q. 2. Following circuit was set up in a meter bridge = = x9 Q =1:5 Q ⁄ 


experiment to determine the value X of an 


unknown resistance. [CBSE Marking Scheme, 2018] 
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Detailed Answer: 
Now , b almain Paw iw Ohm diruit = 350 Om _ 


ballorsing p n clowd auut = 2000m 
Ri udus Q vuia) = 1 


ut K be ta pet grataat- n _ 
In fs saat , tur yi alae u Conf 


Oe eat — 350k y— T 


Im Ud Gvuit , obidliswdha v eau, velhy — 
= V= Kf, = 2ooK —m 


kos G eY. S 
Kay R 


\E-WR = Vy 
oy w= 

















[Topper's Answer, 2018] 


À Long Answer Type Questions-I (3 marks each) 


An unknown resistance X is now connected in 
parallel to the resistance S and the balance point 
is found at a distance /,. Obtain a formula for X in 


Q. 1. (i) Write the principle of working of a metre bridge. 
(ii) In a metre bridge, the balance point is found at a 


distance l, with resistances R and S as shown in 
the figure. terms of /,, l, and S. [O.D. L II, IH 2017] 
R S 
Ans. (i) Principle of metre bridge 1 
2 


(ii) Relation between L, L, and S 
(i) The principle of working of a metre bridge is same 


as that of a balanced Wheatstone bridge. 


= 
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Alternatively : ¥ RO L : 
(u) s 100-1, i 
When X is connected in parallel : 
È ae E 
XS 100 —1, 
A FS 
1 On solving we get, X = as 1 
100(/, —1,) 
P B r 
When iç = 0, then O S fa [CBSE Marking Scheme, 2017] 
Detailed Answer : 
Potnctpce of aooxkeng of a motre beédge- _ 
_ Tre peemcipblte o _Wdheaiscome pandi re _ 
IT Jous Les Cances P,Q- Rands ase 
Rene Wheatstone beédgech the fotloen cn 
NNW Ibin At balancecl.. condchon oct cusent. 
Ch/the gelvanomeice & aao otote  —_ = 
a Tae 
as 
li 
| The unknown  Lescacance be Sind: 
EEP eS 
nhet si 
WEITER 
[Toppers Answer, 2017] 
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Q. 2. Draw a circuit diagram of a potentiometer. 


[ 85 


Effective resistance between points A and B 








State its working principle. Derive the necessary R 
: rer R 
formula to describe how it is used to compare the R ENR Ro : 
emfs of the two cells. [O.D. L II, III 2015] ` pP | 2 — 
Ans. The circuit diagram of the potentiometer, is as 2 
shown here : Current drawn form the voltage source, 
V 
I = — 
Ry 
I 4 Y2 
= 2 
RRO 
1 2 Ro 
+ 
R+ Ro 2 
2 





Let current through R be I, 


| 
~ 








Working Principle : ma y 
The potential drop, V, across a length / of a uniform š Real Ro i 
wire, is proportional to the length l of the wire. 1⁄2 2 
or, Væl (for a uniform wire) Voltage across R 
Derivation : From the figure, connect points 1 and V, = 4R 
3 together with balance point at point N, where k IRo R 
AN, = l Now connect points 2 and 3 together with j SÍ R+ Ro 
balance point at point N, where AN, = lp. 1⁄2 2 
We have, RR, V 
So, E, = kl Vy = 1 
and E, = kl, [z+ aa T 
a 2 J2R+R ) 2 
a i 1⁄4 
E, l> 2RV 
; ~ Ro +4R — 
Q.3.A resistance of R draws current from a oF 


potentiometer. The potentiometer wire, AB, has 


[CBSE Marking Scheme, 2017] 


a total resistance of Ry. A voltage V is supplied to 
the potentiometer. Derive an expression for the 
voltage across R when the sliding contact is in the 


Q. 4. Draw a circuit for determining internal resistance 
of a cell using a potentiometer. Explain the 
principle on which this method is based. 





middle of potentiometer wire. [U| [SQP II 2017] 
X Ans. 
R RHEOSTAT|400 cm 
0 + 
A B 300 cm 
K, a100 cm 
R E: 
U| [Delhi I, II 2017] = H 
Ans. Derivation of expression of voltage across B 
resistance R. 3 
Shunt 1 
(ii) I key K, is open and key K; is closed and null 
R B point is obtained at a distance l, from Q, 
C E = Kl, (1) 1⁄2 
ly If key K, is closed and key K; is open and null 
point is obtained at a distance l, from Q, 
R V = Kl, ...(ii) 1⁄2 
Resistance between points A and C On dividing equation (i) by (ii) 
Ioa 4 L h 1 
R R (Ro V L, 
2 Kiro iy 
R b 
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Hence, p = h- R 1⁄4 
l, 

where, 

R = shunt resistance in parallel with the cell, 


l, and l} = balancing length without and with shunt 
r = internal resistance of the cell 
[CBSE Marking Scheme, 2017] 


Q. 5. A potentiometer wire of length 1 m has a 
resistance 10 Q. It is connected to 6 V battery in 
series with a resistance of 5 ©. Determine the emf 
of the primary cell which gives a balance point at 


40 cm. 
Ans. Current flowing in potentiometer wire, 
p= 
RER 
where, R is the resistance of potentiometer wire 
and R'=5Q 
Lo C kA 
10+5 
Potential drop across the potentiometer wire 
V = IR 
= 0.4 x 10 V = 4.0 V 1⁄2 
Potential gradient k = V/l = 4.0 V/m 1⁄2 
<. Unknown emf of the cell (E) = kl’ 1⁄2 
= 4.0 x 0.4 V 
= 1.6 V ⁄ 


[CBSE Marking Scheme, 2014] 
Q. 6. You are given two sets of potentiometer circuit to 
measure the emf E, of a cell. 
Set À : consists of a potentiometer wire of a material 
of resistivity p,, area of cross-section A, and length /. 
Set B : consists of a potentiometer of two composite 
wires of equal lengths I, each, of resistivity pi, p2 
and area of cross-section A,, A, respectively. 
(i) Find the relation between resistivity of the 
two wires with respect to their area of cross 
section, if the current flowing in the two sets 


is same. 
(ii) Compare the balancing length obtained in the 
two sets. À 








(for Set A) % 
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E 
a ere (for Set B ) % 
Recta +22 
2A, 2A, 
Equating the above two expressions and simplifying 
Pi: P2 
Ay A, 72 
(ii) Potential gradient of the potentiometer wire for Set 
A, K = IË 


1 
Potential drop across the potentiometer wire in Set B 


V = i j| 


2A, 2A, 
V = PE + Ë2 | 1 
2| A, A, 
hg | Pi +P2 |, using the condition obtained 
2| A A 
in part (i) 1⁄2 
K’= i , which is equal to K 

1 
Therefore, balancing lengths obtained in the two 
sets are same. Y, 


Q. 7. Calculate the value of the unknown potential V for 
the given potentiometer circuit. The total length 
(400 cm) of the potentiometer wire has a resistance 
of 10 © and the balance point is obtained at a 
length of 240 cm. 





Ans. The current through the potentiometer wire 


= _ 3V _ = 10-2 A 1 
(290 +10) Q 
<. Potential drop per unit length of the potentiometer 
| 107Ax10Q 
ee 400 cm 
1 mr 
= i 10” V/cm 1 


V=ol= ix 10 Š x 240 volt 


=6V x 102 V 
= 60 millivolt 
= 60 m V 1 


Q. 8. What is end error in a metre bridge ? How is it 
overcome ? The resistances in the two arms of the 
metre bridge are R = 5 Q and S respectively. 
When the resistance S is shunted with an equal 
resistance, the new balance length found to be 1.5 
l, where l, is the initial balancing length. Calculate 
the value of S. 
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Å Long Answer Type Questions - Il 


keka 


L cm —— g&— ( (100— l ) CcCIn————_> 





OR 
[Delhi I 2019] 
End error, overcoming 1⁄2 
Formula for metre bridge 1⁄2 
Calculation of value of S 2 


The end error, in a metre Dridge, is the error 

arising due to : 

(i) Ends of the wire not coinciding with the 
0 cm / 100 cm marks on the metre scale. 1⁄2 

(ii) Presence of contact resistance at the joints of 
the meter bridge wire with the metallic strips. 


It can be reduced/overcome by finding balance 
length with two interchanged positions of R and 
S and taking the average value of ‘S’ from two 
readings. 1⁄2 


(Note : Award this /2 make even if student just 
writes only the point (i) or point (ii) given above.) 


For a metre bridge 





S 100-1 < 
For the two given conditions, 
5 ab ` 
See00-F 
Ə eS, y 
S/2 100-1.51, A, 
Dividing the two 
ies $ (100 —1,) 1 


~ (100-1.51, h, T 
200 — 31, =150—1.51, 
100 
—ae 
3 


Putting the value of l in any one of the two given 

conditions. 
S= 100 ⁄ 
[CBSE Marking Scheme, 2019] 


= 


Q. 1. (i) State the working principle of a potentiometer 


with help of the circuit diagram, explain how the 
internal resistance of a cell is determined. 


(ii) Howare the following affected in the potentiometer 


circuit when (i) the internal resistance of the drive 
cell increases and (ii) the series resistor connected 
to the driver cell is reduced ? Justify your answer. 


[Delhi Compt. I, II, III 2017] 
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Detailed Answer: 


The end error in metre bridge is due to the following 
reasons : 


(1) The zero mark on the scale that is provided along 


the length of bridge wire may not start from the 
position where the bridge wire leaves the copper 
strip and 100 cm mark of scale may not be at the 
position, where the copper strip touches the 
bridge wire function. 


(2) The resistance of connecting wire and copper 


strips not taken into consideration. 
This error can be rectified by repeating the 
experiment by interchanging the known and 
unknown resistances and by taking the mean of 
resistances determined. 


Initially at balance point 








L 5 
(00-1) ~ § ...(1) 
by shunting S with equal resistance, the new 
resistance 
1 jae | a aus =. 
— = rte =S = — 
Š SS 2 
Now at balance point 
1.51 
— =š (2) 
(100-1.5.,) S$ 
Dividing eqn. (1) by egn. (2), 
L „(100 -1.54) _ 5 7 S 
100-1, 1.51, S 2x5 
2(100-1.5/,) = (100-1,)1.5 
200-31, =150-1.5 
or 1.5], =50 
= l = ba cm 
' 15 
Putting this value of l, in eqn. (1) gives 
50/1.5 - š Sai 
(100-50/15) ~ 5 >? 10% 
(5 marks each) 
Ans. (i) Statement of working principle 1 
Circuit diagram and determination of internal 
resistance 3 
(ii) (a) Effect of internal resistance 1⁄2 
(b) Series resistance 1⁄2 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 
(i) Working principle : Try yourself Similar to Q. 2 (i) 


Long Answer Type Questions-I 
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Circuit Diagram and determination : Try yourself 
Similar to Q. 2(i) Long Answer Type Questions-I 
(ii) Current in the circuit when null point is attained is 
_ E 
ort (Lx) 


Eọ= Potential drop across ab 


resistance per unit length of the wire = rg 


I Ë , 








E, = Ixr,, 
E, =—— x (r, xl) = 2 
(r+ Lr) (+L) 
N 
E,(— +L) 
on oe 
E 


(a) When r increases, than, l that is balancing length 
will increase 

(b) When series resistance with driver cell reduced, 
equivalent to say that r decreases than I, also 
decreases. 

Q. 2. (i) (a) State the principle on which a potentiometer 
works. How can a given potentiometer be made 
more sensitive ? 

(b) In the graph shown below for two potentiometers, 
state with reason which of the two potentiometers, 


A or B, is more sensitive. 
A 


V (volts) 


l 


(ii) Two metallic wires, P, and P, of the same material 

and same length but different cross-sectional areas, 

A, and A, are joined together and connected to a 

source of emf. Find the ratio of the drift velocities 

of free electrons in the two wires when they are 
connected (i) in series, and (ii) in parallel. 

A [Foreign I, II, III 2017] 


Ans. (i) (a) Principle of potentiometer 1 
How to increase sensitivity VY 

(b) Name of potentiometer Vy 
Reason 1⁄2 

(ii) Formula 1, 
(a) Ratio of drift velocities in series 1 

(b) Ratio of drift velocities in parallel 1 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 


(i) (a) Principle : Similar to Q. 2 Long Answer Type 
Questions-I 1 
It can be made more sensitive by decreasing 
current in the main circuit/decreasing potential 
gradient/increasing resistance put in series with the 


potentiometer wire. 1⁄2 
; V 
(b) Potentiometer B has smaller value 7 1+1⁄, 
(ii) In series, the current remains the same 1⁄2 
HEARE 
<— 
V 

I = neA V; = neA,V. 1⁄2 

V A 
Zal — Z 1⁄2 

Va2 A, 


In parallel, potential difference is same but currents 
are different. 


V = hR, = neA;Va P: 1⁄ 
Ay 
= nepV nl 
Similarly, V = LR, = nepV pl Vy 
LR, = LR, 
wi 7 


Q. 3. (a) Describe briefly, with the help of a circuit 


diagram, the method of measuring the internal 
resistance of a cell. 

(b) Give reason why a potentiometer is preferred 
over a voltmeter for the measurement of emf of a 


cell. 

(c) In the potentiometer circuit given below, 
calculate the balancing length 1. Give reason, 
whether the circuit will work, if the driver cell of 
emf 5 V is replaced with a cell of 2 V, keeping all 


other factors constant. 5 
450 Q 





300mV 
[Delhi III, 2019] 


Ans. Circuit diagram and describing the method 
to measure internal resistance of cell by 
potentiometer Ir 
Reason 1 
Calculating balancing length and reason (circuit 
works or not) 1% +1 
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(a) Circuit diagram : 





Brief description : Plug in the key K, and keep 
K, unplugged and the find the balancing length 1, 
such that : 1 E = Kl, s11 
With the key K, also plugged in find out balancing 
length l, again such that: 
V = Kl, 


r=-(Ż-1)R 

V 

[2-1 
l, 


(b) The potentiometer is preferred over the voltmeter 
for measurement of e.m.f. of a cell because 
potentiometer draws no current from the voltage 


...2 1⁄2 


source being measured. 1⁄2 
(c) V = 5 V, Rag = 50 Q, R = 450 Q 
5 1 


I=- s, Sigs 14 
450+50 100 


Vag = 0.01 x 50 = 0.5 V 
05 


K= o 0.05 Vm” ⁄ 
Se 300 x 10° Aes 
K 0.05 2 
With 2 V driver cell current in the circuit is 
j _ iin =0.04A. 1⁄2 


Potential difference across 

AB = 0.004 x 50 = 200 mV. Hence the circuit will 

not work. % 
[CBSE Marking Scheme, 2019] 


Detailed Answer : 
(a) If key K, is open and key K; is closed and null 
point is obtained at a distance |, from A, 


E = KI, ...(i) 


If key K, is closed and key K; is open and null point 


is obtained at a distance l, from A, 
V _ Kl, 
On dividing equation (i) by (ii) 


(ü) 


— 
m 


E 
V 
R+r 


— 
— 
~ | 





R 


— 
N 
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100 cm 





r 


YN 
| 
wl m 


Hence, r= = -h | 


where, 

R = shunt resistance in parallel with the cell, 

l, and L,= balancing length without and with shunt 
r = internal resistance of the cell 


(b) Potentiometer is preferred over voltmeter because 
voltmeter needs a current to pass through it so as 
to measure the potential difference. The potential 
difference being measured by the voltmeter is given 
as 

V=E-IR 
where, 
V = voltage measured, 
E = emf of battery, 
R = resistance of voltmeter, 


I = current passing through voltmeter, 


Hence the voltage V measured is less than emf of a 
battery E. Potentiometer does not draw any current 
from the cell and hence will not cause such prob- 
lem and can measure the emf directly. 


(c) E,=5V 


450 Q 





E, = 300 mV 


Resistance of potentiometer wire, Rap = 50 Q 
Length of the potentiometer wire, AB = 10 m 
Emf of cell E, = 5 V 

Emf of cell E, = 300 mV = 0.3 V 

Let the balancing length be 'T 
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Now, the circuit current 





_ E _ 5V 
~ 450+50 500Q 
I =107A 


The voltage across wire AB, 
Vas = Rap XI 





= 50 Q x 107A 
= 0.50 V 
Now, E, = K x 1 
0.3 V = KI 
o, K= = n) 
Va _ 050V ' 
But K = AB 7 10m ...(i1) 
Now, from equation (i) and (ii), 
03 0.50 
1 ~ 10 
_ 0.3x10 
See ON ie 
_ 30 
0.5 
l=6m 


If the voltage driver is 2.0 V, then the circuit current 


l= 750 +50 





= 0.004 A 


Hence, the potential difference across AB, 
Vap = 0.004 x 50 = 200 mV 

Since 200 mV < E,. Hence, the circuit will not work. 

Q. 4. (a) State the working principle of a meter bridge 
which is used to measure an unknown resistance. 

(b) Give reason : 

(i) why the connections between the resistors in a 
metre bridge are made of thick copper strips, 

(ii) why is it generally preferred to obtain the balance 
length near the mid-point of the bridge wire. 

(c) Calculate the potential difference across the 


4 W resistor in the given electrical circuit, using 
Kirchhoff's rules. 


8 V 20 
es | B 
6 V 10 
D | ë 
4Q 
E F 


° State the working principle of metre bridge 1 


e Reasons 1⁄2 +1⁄2 
° Calculation of potential difference using 
Kirchhoff's rules 3 
(a) Meter bridge is based on the principle of balanced 
Wheat stone bridge. 1 
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(b) (i) Thick copper strips are used to minimize 
resistance of connections which are not 
accounted for in the bridge formula. Ve 


(ii) Balance point is preferred near midpoint of 
bridge wire to minimize percentage error in 
resistance (R). 1⁄2 


(c) 
H 6 V 20 


p| 2 10 C 


I 1 
EÉ 4Q ë 
I= L + I, (1) 
Inloop ABCDA, 
=8 F2 —1 x L +6 = 0 (2)1 
In loop DEFCD, 
—41-1x1I,+6=0 
41 + I, =6 
4(l + I,)+ L =6 
4], +51, = 6 (3) % 


From equations (1) and (2), we get 


ge? Oi, -2a,1=— A 
7 7 7: 


Potential difference across resistor 4 Q is : 


ya ete wel 
7 7 


[CBSE Marking Scheme, 2019] 


Detailed Answer: 


(a) The circuit diagram of the metre bridge is as shown 


below : 





Working Principle : The working principle of the 
meter bridge is same as that of a Wheatstone bridge. 
The Wheatstone bridge gets balanced when : 


Be s 


R, R, 
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For the metre bridge, circuit shown above, this 
relation takes the form 


R _ l 
S (100-1) 





Determination of unknown Resistance (R) : In the 
circuit diagram shown above, S is taken as a known 
standard resistance. 


We find the value of the balancing length L, 
corresponding to a given value of S. We then use 
the relation : 

R l 


S (100 —/,) 


to calculate R. 


By choosing (at least three) different values of S, we 
calculate R each time. The average of these values of 
R gives the value of the unknown resistance. 


(b) (i) This is to ensure that the connections do not 


[ 91 


contribute any extra, unknown, resistances in the 
circuit. 

(ii) This is done to minimize the percentage error in 
the value of the unknown resistance. 

This is done to have a better "balancing out" of the 
effects of any irregularity or non-uniformity in the 
metre bridge wire. 

This can help in increasing the sensitivity of the 
metre bridge circuit. 


i 8¥ ZQ 





E i F 
Apply the current junction rule of Kirchhoff's Law 
at point D 


i= H +i ...(i) 
Apply Kirchhoff's Voltage rule for the mesh AEFBA 
4i+ 21, =8 
or 2+, =4 ...(ii) 
Apply Kirchhoff's voltage rule for mesh DEFCD 
4i + li, = 6 
or, 4i +i, =6 ... (Hi) 


Adding equation (ii) and (iii), we get 


6i + i, + i, = 10 


or, 6i+ i =10 [using equation (i)] 
Or I = au A 
7 
Now, the potential difference across resistor 4 W 
Ver= 1 x 4 
= ae x 4 
7 
=5 v 
7 


AN UN UX 
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UNIT-I sss SCS HAPTER 
Magnetic Effects 


of Current and 
Magnetism 





Syllabus 


> Concept of magnetic field, Oersted’s experiment, Biot-Savart's law and its applications to current 
carrying circular loop. 

> Ampere’s law and its applications to infinitely long straight wire; Straight and toroidal solenoids (only 
qualitative treatment); force on a moving charge in uniform magnetic and electric fields. 

> Force on a current-carrying conductor in a uniform magnetic field; Force between two parallel current- 
carrying conductors—definition of ampere; Torque experienced by a current loop in uniform magnetic 
field; moving coil galvanometer-its current sensitivity and conversion to ammeter and voltmeter. 


Chapter Analysis 


List of Concepts Name ` | b 2018 "E Fr on | 2019 
pop | D | oD | 


Magnetic field and 1Q 2 O 1Q 1Q 2 
Cyclotron (3 marks) | (2 marks) (1 mark) (2 marks) | (1 mark) 
1Q 
(3 marks) 





Ampere's Circuital law and 2Q 1Q 1Q 1Q 
its Applications. (3 marks) | (2 marks) (2 marks) | (3 marks) 
Torque and Galvanometer Zw) 1Q TO 1Q 

(3 marks) (3 marks) | (3 marks) | (3 marks) 





TOPIC-1 
Magnetic Field 





Revision Notes 


Concept of Magnetic field 
> Magnetic field is a region around a magnet where force of magnetism acts which affects other magnets and 
magnetic materials. 
> Magnetic field also known as B-field can be pictorially represented by Topic -1 


magnetic field lines. Magnetic Field .... P. 93 
> Magnetic fields are produced by electric currents, which can be 


l ) : ; š š : TOPIC - 2 
macroscopic currents in wires, or microscopic currents associated with ee l 
lectors si ob E Ampere's Circuital Law and its 
j I Applications .... P. 105 
> Lorentz Force : When a charge g moving with velocity v enters a region 
where both magnetic fields and electric fields exist, both fields exert a TOPIC - 3 
£oPCO OLLIE: Torque and Galvanometer .... P. 113 
> > > > 
Lorentz Force, F = q[E+vxB] 
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x x 
— 


> > > 
where, F = magnetic force, 7 = charge, v = velocity, B = magnetic field, x x 
> > > > 
ae: I ; x 


E = electric field, q E = electric force on the charge, g(v x B) = magnetic X 
force on the charge 


> SIunitof magnetic field is Tesla, while smaller magnetic fields are measuredin X 
terms of Gauss 


1 Tesla = 10'*G 


3 > 
> When atest charge qo enters a magnetic field B directed along negative z-axis with a velocity 0 making an angle 
0 with the z-axis, then, 


> > > ^ 
F, = qo(2x B) = qooBsin 0” 


Characteristics of motion of particle in magnetic field 
> Velocity and kinetic energy of particle do not change, as force is always perpendicular to velocity. 
> Direction of velocity will continuously change, if 0 = 0. 
when 9 =0, no force will act on the particle, hence there will be no change in velocity. 


> When 0 =90°, test charge describes a circle of radius "a 
qo 


where, m is mass of the particle; larger the momentum, bigger the circle described. 
> Incase of 0 being any other angle than 0° and 90° test charge will show circular path of radius oa which 
qo 
moves along the direction of magnetic field with speed of vcos 9. 


> Momentum along the direction of magnetic field will remain same. 


woe 


> Angular speed of test charge is independent of initial speed of particle. 


> Centripetal force on test charge qv Bsin 9 is independent of the mass of particle. 
> When the particle enters the magnetic field with the same momentum, then radius of path will be, 


mv 
r=— 
JoB 

where, r œ 2 

qo 

> Maximum energy gained by the charged particle : 
L... 
KE= ee = E max 





2p2 
B 
2m m 


> Velocity Selector : The crossed E & B fields serves as a velocity selector of a charged particle. When electric field 
& magnetic field forces are equal, they cancel out each other. 


E 
E=qgvB or v=— 
qE =q B 


Oersted’s experiment 
Oersted observed that : 
> When there is no current, compass needle below a wire shows no deflection. 
> When the flow of current is in single direction, then the compass needle deflects in particular direction. 
> When the flow of current is reversed, deflection in compass needle occurs in opposite direction. 
> From an experiment, it is concluded that an electrical current produces a magnetic field which surrounds the 
wire. 


www.jeeneetadda.in 


MOVING CHARGES AND MAGNETISM [ 95 


Biot-Savart's law 
> The magnetic field due to a current element at a nearby point is given by : 




















3 > > 
JB = | Ho | I 2 r 
where, 4n r 
> 
dB = magnetic field produced by current element 
3 
ds = vector length of small section of wire in direction of current 
= 
r = positional vector from section of wire to where magnetic field is measured Enan to i 
I = currentin the wire “this coe 
> = 
0 = Angle between ds & r gida 
Uy = permeability of free space and u, = 4r x 107” Wb/Am [s] ry 
Biot-Savart's 
p Idlsin 0 
The magnitude of magnetic field, | dB = z W 
Applications of Biot-Savart's Law 
> Magnetic field at a point in circular loop will be : 
> 2 —> 
B-— a h [Here, = R? + x7] 
a2 
2(R +x 
> Magnetic field at the Centre of the coil 
> > 
3 wg [x = 0] 
2R 
z ue I 2UpNiA 2 2 
> Magnetic field at very large distance from the centre: B = ho [Here, R? << ⁄ or R2 + x? = x2] 
TX 
where, A = area of circular loop 


= nR? 


> Magnetic field due to current carrying circular arc with centre O will be : 


(i) 12 Ho mi _ Mot 
4x r 4r 

(ii) p = Mo 9: 
4n r 

(iii) p = Ma CT-U 
AT r 
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> Magnetic field at common centre of non-coplanar and concentric coils, where both coils are perpendicular to each 


other will be : 


B= |B? +B? = > 


Key Formulae 


v 


F 





od 


Lorentz force 


];2 “2 
ly +15 





a=" > > > 
F = q(E+vxB) 


In uniform magnetic field B, frequency of circular motion of charged particle 


D = qB 
2nm 
23552 
and KE,, _ qr B 
2m 
> = 
RA i 
Biot-Savart's law, qg- ixr) 
4n r 
Magnetic field at a point due to circular loop, B = =0.] —_—___ 
2 (R? + x2 sa 


Objective Type Questions 


(1 mark each) 





(I) MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Q. 2. 


Two charged particles traverse identical helical 
paths in a completely opposite sense in a uniform 
magnetic field B = B,k. 

(a) They have equal z-components of momenta. 
(b) They have equal charges. 

(c) They represent a particle-antiparticle pair. 

(d) The charge to mass ratio satisfy : 


Ana 


Correct option : (d) 


[NCERT Exemplar] 


Explanation : When charge/mass ratio of these 
two particles are same and charges on them are 
of opposite nature then the charged particles will 
traverse identical helical paths in a completely 
opposite sense. 


e GE 


Biot-Savart's law indicates that the electron 
moving with velocity v produce a magnetic field B 
such that 


(a) B Lov. 
(b) B | |v. 


(c) it obeys inverse cube law. 


(d) it is along the line joining the electron and 
point of observation. 


[NCERT Exemplar] 


Ans. Correct option : (a) 


Explanation : In Biot-Savart's law, magnetic field 
B|| idl x r and idl due to flow of electron is in 
opposite direction of v 








JB= I zai 
r 
or dB = =e 
r 


According to Biot-Savart law, if magnetic field is 
not perpendicular to the motion of charge then it 
will not move in helical path, which is not possible 
for motion of a charge in magnetic field. So, the 
magnetic field is perpendicular to the direction of 
flow of charge. 


. A circular current loop of magnetic moment M is 


in an arbitrary orientation in an external magnetic 
field B. The work done to rotate the loop by 30° 
about an axis perpendicular to its plane is : 

V3MB 
(b) — 





(a) MB. 
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(c) ee (d) zero. 
2 
[NCERT Exemplar] 
Ans. Correct option : (d) 
Explanation : The work done to rotate the loop in 
magnetic field W = MB(cos 0, — cos 0). 
When current carrying coil is rotated then there will 
be no change in angle between magnetic moment 
and magnetic field. 
Here, 0, = 0, =a 
= W=MB(cos a -cos a) = 0. 

Q. 4. An electron is projected along the axis of a circular 
conductor carrying the same current. Electron will 
experience : 
(a) A force along the axis 
(b) A force perpendicular to the axis 
(c) A force at an angle of 4 degree with axis 
(d) No force experienced 

Ans. Correct option : (d) 


Explanation : Since the electron is moving parallel 
to the direction of the magnetic field of the circular 
conductor 


Force (F) = qvB sin 0° = 0 

Q.5.In a region, steady and uniform electric and 
magnetic fields are present. These two fields 
are parallel to each other. A charged particle is 
released from rest in the region. The path of the 


particle will be : 
(a) Ellipse (b) Circle 
(c) Helix (d) Straight line 


Ans. Correct option : (d) 


Explanation : Since the direction of electric and 
magnetic fields are parallel to the direction in which 
the charged particle is released, the particle will 
move along a straight line. 


Commonly Made Error 
e The students usually forget the application of the 


rule to find the direction of force on a charged 
particle. 


Answering Tip 
e The question should be properly understood before 


answering the case in which both the fields are 
either parallel or perpendicular to each other. 





Q. 6. A positively charged particle moving due east 
enters a region of uniform magnetic field directed 
vertically upward. The particle will : 
(a) Get deflected in vertically upward direction 
(b) Move in circular path with an increased speed 
(c) Move in circular path with a decreased speed 
(d) Move in a circular path with a uniform speed 

Ans. Correct option : (d) 


Explanation : The magnetic force acts in the 
perpendicular direction to the motion of charged 





[ 97 


particle, deflects the charged particle from its path 
making it move along the circular path with a 
uniform speed. 


(ID FILL IN THE BLANKS 

Q.1.In a cyclotron the charged particles move 
ALONG a aa path under the action of a 
perpendicular magnetic field. 

Ans. spiral 


Q.2. The magnetic force is perpendicular to the 
velocity, so velocity changes in direction but not 
PERA due to the result is uniform circular 
motion. 

Ans. magnitude 

Q. 3 In a circular coil of radius r, the magnetic field at 
the centre is proportional to ................ 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. State Oersted’s observation in the experiment for 
the magnetic field due to a current carrying wire. 

Ans. When a magnetic needle is brought close to a 
straight current carrying wire, it aligns itself in 
the perpendicular direction to the wire. If we 
reverse the direction of the current, the direction of 
deflection also reverses. 


Q. 2. Two protons of equal kinetic energies enter a 
region of uniform magnetic field. The first proton 
enters normal to the field direction while the 
second enters at 30° to the field direction. Name 
the trajectories followed by them. 


[R| [CBSE Comptt. I, II, III 2017] 


Ans. Normal : Circular 1⁄2 
At an angle of 30° : it will follow helical path 1⁄4 
[CBSE Marking Scheme 2017] 

Q. 3. An electron is accelerated through a potential 


difference V. Write the expression for its final 
speed, if it was initially at rest. 


R| [CBSE Comptt. I, II, III 2018] 


pa y 1 
V m 


[CBSE Marking Scheme 2018] 


Q. 4. A proton and an electron travelling along parallel 
paths enter a region of uniform magnetic field, 
acting perpendicular to their paths. Which of 
them will move in a circular path with higher 
frequency ? [R| [Delhi, O.D. 2018] 


Ans. Electron. 
(No explanation need to be given. If a student only 
writes the formula for frequency of charged particle 


Le Ve 4 award 1⁄ mark) 1 
m 


[CBSE Marking Scheme 2018] 
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Detailed Answer : 
Electron moves in circular path with higher 


frequency. 
2 
r B 
(WQ = Z = qB 
r m 
w= 2nf EE = foot 7 
m m 
Since m, < m,, therefore f, > f, Vy 
Thus, electron moves in circular path with higher 
frequency. 
Q.5. Condition for the magnetic field of a current 
element (i) minimum and (ii) maximum? 


Ans. (i) The magnetic field is minimum i.e. zero along 
the axis of the current element. 


— 


(ii) The magnetic field due to a current carrying 
element is maximum in a plane passing through 
the element and perpendicular to its axis. 

Q. 6. Draw the magnetic field lines due to a current 
carrying loop. 
Ans. 


A Short Answer Type Questions (2 marks each) 





Q. 1. (i) State Biot-Savart's law in vector form expressing 
> 


the magnetic field due to an element 4l carrying 
current I at a distance r from the element. 

(ii) Write the expression for the magnitude of the 
magnetic field at the centre of a circular loop of 


radius r carrying a steady current I. Draw the 
magnetic field lines due to the current loop. 


U [O.D. Comptt. I, IL ITI 2014] 





Ans. (i) According to Biot-Savart’s law, the magnetic 


— > 
field due to a current element dl carrying current 


— 
I at a point P with position vector r is given by 


> 5 
IB = Hoy dlx r 
AT r ` 
di 
r P 
I 
(ii) B = Eo Vs 
r 


Field lines : 





: 1⁄2 
[CBSE Marking Scheme 2014] 


Q. 2. Two very small identical circular loops, (1) and 


(2), carrying equal currents I are placed vertically 
(with respect to the plane of the paper) with their 
geometrical axes perpendicular to each other as 
shown in the figure. Find the magnitude and 
direction of the net magnetic field produced at the 


point O. 


> 


(2) 


I 
[Foreign I, II, III 2014] 
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uolr? 
2(r2 +x) 


Ans. B= 1⁄4 


Jap = Vhol? 


es Sa. EE | 
2(r? +x yo" 


Net field at O, Bo 





2Uol 
For small loop (r << x), By = Z r 1⁄2 
x 
The direction of Bọ is 45° with either of the field. 
1⁄2 


[CBSE Marking Scheme 2014] 


Q.3. An a - particle and a proton are accelerated 
through same potential difference. Find the ratio 


S of velocities acquired by two particles. 


Vp [CBSE SQP 2020] 


— 


Flong Answer Type Questions-I 
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Ans. Gain in KE of particle = Qv 


1 A 
= =K,=qg,V, Q) 


V.=V. =V 


G 


imao =K. =g V. (1) 
Dividing eqn. (ii) by (i) 


2 
MV, _ q. _ 2 


2 
mo, 4, 1 
m, x 2 2 2m, 
M. <1 4m, xi 
VU, 0, =1:J2 


[CBSE SQP Marking Scheme 2020] 








_ 
2 


os | es 


(3 marks each) 





= 
Q. 1. (a) Derive an expression for the velocity vV, 
of a positive ion passing undeflected through a 


— 
region where crossed and uniform electric field F 


= 
and magnetic field B are simultaneously present. 


(b) Draw and justify the trajectory of identical 
positive ion whose velocity has a magnitude less 


[SOP 2018] 


— 
than |v. |. 


> A => A 
Ans. (a) E = Ej and B=Bk 1⁄ 


Force on positive ion due to electric field 
> n 
= > > 
Force due to magnetic field Fg = q(v,x B) 
> > 
For passing undeflected, F, =- F, 
A — A 
qE] = —q(v,x Bk) 

2 A A 

This is possible only if qv, x Bk=qv,B j 1⁄2 


—> A 
or Vc = (E/B)i 


(b) The trajectory would be as shown below: 12 


— 





Justification: For positive ions with speed 

O < O. 
Force due to electric field = F'p = gE = Fr 
due to magnetic field F', = quB < Fz since v < v, 
Now forces are unbalanced, and hence, ion will 
experience an acceleration along E. 1⁄2 


Since initial velocity is perpendicular to F, the 
trajectory would be parabolic. 1⁄ 


[CBSE Marking Scheme 2018] 


Q. 2. A particle of mass m and charge q is in motion 
at speed v parallel to a long straight conductor 
carrying current I as shown below : 


y 


Find magnitude and direction of electric field 
required so that the particle goes undeflected. 
R&U [CBSE SQP 2018] 





Anar sms — 1⁄4 
For the charged particle to move undeflected 
> = = = 
Net force, Fe fr pili = 6 
> an 
Po r aD 
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F, — electric force, En > magnetic force yy 
es | = LE, | ...(2) 
gE = Bgv sin90° = Bav !1⁄ 
E = oB mia) 
B= Ml (4) % 
2Tr 

Using (4) and (3) 
_ by vl AS 
mr ©) 


Magnetic force F,,, is towards wire. 
. Electric force and electric field should be away 
from the line. 


Fg 
q, m v 
F 
m 
T ———a———— Y 1 


[CBSE Marking Scheme 2018] 


Q. 3. (a) State Biot-Savart's law and express it in the 
vector form. 

(b) Using Biot-Savart's law, obtain the expression for 
the magnetic field due to a circular coil of radius r, 
carrying a current Í at a point on its axis distant x 
from the centre of the coil. 

[CBSE Comptt. I, IL ITI 2018] 


Ans. (a) Statement of Biot-Savart's law % 
Its vector form 1⁄2 
(b) Obtaining the required expression 2 


(a) According to Biot Savart's law : 
The magnitude of magnetic field dB, due to a 


— 
current element dl, is 


(i) proportional to current J and element length, 


(ii) inversely proportional to the square of the 
distance r. 
Its direction is perpendicular to the plane 


containing dl and r. 1⁄4 


In vector notation, 


dlx r 





E Moy 


= 1 
dB Ar r? 12 





1⁄ 
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dix? 
We have, dB = a 
At r 
r= x” + K. 
I dl 
dB = Hot 1 


An (x? +R?) 


We need to add only the components of dB 


along the axis of the coil. 


Ho Idl 
Hence, B = m= (° +J” 


cos 90 
Ho. (Idl)R 

An (x? +R’)? 

= Ho IR: 

F 7 ER 

me ho IR ; 

£ eR) 


wl 


1⁄ 


[CBSE Marking Scheme 2018] 


Q. 4. Two identical loops P and Q each of radius 5 cm are 
lying in perpendicular planes such that they have 
a common centre as shown in the figure. Find the 
magnitude and direction of the net magnetic field 
at the common centre of the two coils, if they carry 
currents equal to 3 A and 4 A respectively. 

U [O.D. II 2017] 





Q 
P 
Ans. Formula 1, 
Field due to each coil 1, + 1⁄2 
Magnitude of resultant field 
Direction of resultant field yy 
Field at the centre of a circular coil = Me m 
Field due to coil P = c tesla 
2x5x 10 
= 127 x 10 ° tesla 1, 
Field due to coil Q = = tesla 
2 510 
= 16r x 10° tesla 1, 
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Resultant Field = (ny 127 +167 Jur 


= (20n)uT 1 
Let the field make an angle 0 with the vertical 


12n%x10° 3 
tan@ = ————_ =- 
167x10 4 

0 = tan TA 


(Alternatively : 0' = tan! 1” 0' = angle with the 


horizontal) 
[Note 1 : Award 2 marks if the student directly 
calculates B without calculating Bp and Bg 
separately. | 


[Note 2 : Some students may calculate the field 
Bg and state that it also represents the resultant 
magnetic field (as coil P has been shown ‘broken! 
and therefore, cannot produce a magnetic field); 
They may be given 2⁄2 marks for their (correct) 
calculation of Bo] 

[CBSE Marking Scheme 2017] 


Detailed Answer : 
Try yourself, Similar to Q. 3, Long Answer Type 
Questions I. 

Q. 5. (i) Write the expression for the magnetic force 
acting on a charged particle moving with velocity 
v in the presence of magnetic field B. 


(ii) A neutron, an electron and an alpha particle 
moving with equal velocities, enter a uniform 
magnetic field going into the plane of the paper 
as shown. Trace their paths in the field and justify 
your answer. 


X X X X xX X 
a @—— 

X X X X X X 
ne—> 

X X X X X X 
e e— 

X X X X X X 


[Delhi I, I, II 2016] 


— > > 
Ans. (i) F = q(vxB) 1 


(Give Full credit of this part even if a student 
writes : 


F= qvBsin 9 


— 
and force ( F ) acts perpendicular to the plane 


= = 
containing v and B ) 
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(ii) X X X X 
ë X X X 
oe X X 
F X X X 
e 
X X X X 
1⁄, + 1⁄2 + 1⁄4 


Justification : Direction of force experienced by 

the particle will be according to the Fleming's left 
hand rule/(any other alternative correct rule.) 

y2 

[CBSE Marking Scheme 2016] 


Detailed Answer: 


(i)A charged particle with charge q, moving with 
— 
velocity v ,ina magnetic field having field strength 
= 
B , then the force acting on it is given as : 


F = q(vxB) 


> 2 À 
F FqoBsin 9n 

where, 0 = angle between velocity and magnetic 

field 

Here direction of force is shown by cross product of 


velocity and magnetic field. 1 
(ii) x Xx x x 


n—— pa 


> "O 


x 


X |x XxX |X 

x |X 

X X X XIX 
X X X|X X X X 


x 


x 


Here, a-particle will trace the circular path in a 
clockwise direction, since its deviation is in the 


> > 
direction of vx B. 1, 


Neutron will pass without any deviation, as 
magnetic field, exerts no force on neutral particle. 2 


Electron will trace circular path in an anticlockwise 
> > 
direction, since its deviation is opposite to vx B 


; ; mv 
with radius r = —. 1⁄, 


It is observed that the direction of force experienced 
by the particle will be as per Fleming's left hand 
rule. 1⁄2 
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Q. 6. (i) State the condition under which a charged 
particle moving with velocity v goes undeflected 
in a magnetic field B. 

(ii) An electron, after being accelerated through a 
potential difference of 10* V, enters a uniform 
magnetic field of 0:04 T perpendicular to its 
direction of motion. Calculate the radius of 


curvature of its trajectory. [Foreign I 2017] 
Ans. (i) Condition for charge going undeflected 1 
(ii) Formula for radius 1 
Calculation of radius 1% 

(i) The force experienced, F = q(v x B) 1⁄2 


The charge will go undeflected when v is parallel 
or antiparallel to B 
F =0- Ya 
[Alternatively, 
If v makes an angle of 0° or 180° with B] 
(ii) The KE of electron 


2,2D2 
Re = err B" v 1⁄4 
2m 

1 j|2mV 
r= —,/—— 1 
B e i 
T [2x9.1x10®" x10 1 j 
F 1.6x10 1? 0.04 | © 2 

= 8.4 x 103 m 


Q. 7. Write the expression for the magnetic force 
> 
F acting on a charged particle g moving with 
> 
velocity v in the presence of the magnetic field 


— 
B in a vector form. Show that no work is done and 


no change in the magnitude of the velocity of the 
particle is produced by this force. Hence, define 
the unit of magnetic field. [U] [Foreign 2016] 


Ans. The required expression is 


The magnetic force, at all instants, is, therefore, 
perpendicular to the instantaneous direction of 
— 


v, which is also the instantaneous direction of 


displacement (ds) . %2 

Since, E is perpendicular to (ds), at all instants, 
>> 

work done (= F-ds) is zero. 1⁄2 


There being no work done, there can be no change 


in the magnitude of v . ° 
From F = q(vxB), we get 


m 
|F | = F = qoBsin 0 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


F = Bifq = 1,v = 1 and 0 = 


tə | a 


Hence, the magnetic field, B ata point equals one 
tesla if a charge of one coulomb, moving with a 
velocity of 1 m/s, along a direction perpendicular 
to the direction of B , experiences a force of one 
newton. 

[Note : Also accept if the student just writes that 


= = 

|B| = 1 tesla if |F| = one newton, for q = 1 
T 

coulomb, v = 1 m/s and 0 = 2! 1 


[CBSE Marking Scheme, 2016] 


Q. 8. Using Biot - Savart's law, derive an expression for 
magnetic field at any point on axial line of a current 
carrying circular loop. Hence, find magnitude of 
magnetic field intensity at the centre of circular 


coil. [CBSE SQP 2019] 


Ans. Expression for magnetic field 
Try yourself, Similar to Q.3 (b) of Long Answer 
Type Questions - I 
For finding the magnetic field at the centre of the 


circular coil, 
For center x = 0 


Ho Ana? 





se B, = = t, =) in the direction of m 
20 


4n a 
[CBSE SQP Marking Scheme 2020] 


Q. 9. A charged particle q is moving in the presence of 
a magnetic field B which is inclined to an angle 
30° with the direction of motion of the particle. 
Draw the trajectory followed by the particle in the 
presence of the field and explain how the particle 


describes this path. [CBSE SQP 2019] 
Ans. Drawing of trajectory 1 
Explanation 1 
— r M. M 
—> 


V 





Two components of velocity vector v are 
responsible for the helical motion. Force on the 
charged particle due to the component normal 
to the magnetic field, acts perpendicular to the 
velocity and the magnetic field. Hence makes the 
particle to follow circular path. The component of 
velocity which is along the magnetic field, does 
not cause any force on the particle hence particle 
continues to move in a straight line path due to 
this component, hence resultant path will be 
helical. [CBSE SQP 2019] 
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Detailed Answer: 


Q.10. 





30° 
q 
Since magnetic force is given as, 
F = q(vxB) 
or F = qvBsin ð 
here, 0=30° 
p- 1B 
2 


Velocity component parallel to the field moves 
particle in straight line and velocity component 
perpendicular to the field creates circular motion 
thus the combined effect is the helical path. 


Two infinitely long straight wires A, and A, 
carrying currents I and 2I flowing in the same 
direction are kept 'd' distance apart. Where should 
a third straight wire A, carrying current 1.5I be 
placed between A, and A, so that it experiences 
no net force due to A, and A, ? Does the net 
force acting on A, depend on the current flowing 





through it ? [CBSE SQP 2019] 
Ans. Finding the position of third wire 
Reason 
A, A, A, 
=> 
I F, i 21I 
F, 
1.51 
x d-x 
— — 1 
f- U 1x151 Vv, 
4n x 
211.51 
me Es 1⁄2 
4n (d-x) 


— 


4 
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For no force on the conductor A, 


Ho Ix1.51 _ Ho 21x 1.51 











Am x ån (d-x) %2 
Jl 2 1⁄2 
x (d-x) 
ax—a 1 
ot yy 
2 


[Note : Also accept in general it will depend on the 
value of Ih]. [CBSE Marking Scheme 2019] 


Detailed Answer: 





A, 4——_d——> A, 
Force acting between two current carrying wires, 


Nha", 
an r 
wires A, and A, will attract each other. 
..Force acting on central wire due to A, and A, 
should be equal and opposite. 





_ My 1x15] _ Hy Lol x 21 
— AA m x ^ 2m d-x 
~B, =F, 


w 1.51 _ Ho 3P 

2m x 2m (d — x) 
1.5 3 

or — = 
x d-x 

or 1.5d-1.5x =3x 











or 4.5x=15d>x -2 


Net force depend on the current flowing through 
it. It will not depend when net magnetic field is 
Zero. 


(5 marks each) 





Q.1. 


(i) Express Biot-Savart's law in the vector form. 


(ii) Use it to obtain the expression for the magnetic field at an axial point, distance d from the centre of a 


circular coil of radius R carrying current I. 


(iii) Also, find the ratio of the magnitudes of the magnetic field of this coil at the centre and at an axial point for 


which x = RV3. 


R&A [O.D. I 2016] 
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Wwe. wow that ok Hw poiut 
P, N Mice 





n ED “yo 


m - - —— 
— ——— 





[rana + CRT CO baiat a heitt: aE: 
| —A ye 2 Cae tjie Ee i ont RS - 
ae aie 


2 Perot 

=s > eH =< | Te aes + b N: AN A ind LAS ] 

a | 

[Topper's Answer 2016] 
Detailed Answer : 
(i) Try yourself, Similar to Q. 3(a) of Long Answer Type Questions-I. 2 
(ii) Try yourself, Similar to Q. 3(b) of Long Answer Type Questions-I. 3 
Q. 2. (i) (a) Use Biot-Savart's law to derive the expression (ii) A current ‘T enters a uniform circular loop of 
for the magnetic field due to a circular coil of carey at point M and flows out at N as shown 
radius R having N turns at a point on the axis at a Ds 
dish eos uari centre. Obtain the net magnetic field at the centre of the 
loop. 


(b) Draw the magnetic field lines due to this coil. 
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[Delhi I, II, III 2015] 
Ans. (i) (a) Try yourself, Similar to Q. 3 (b), Long Answer 


Type Questions-I. 2 
(b) Try yourself, Similar to Q. 1 (ii), Short Answer 
Type Questions 1 


(ii) Let current I be divided at point M into two parts 
I, and I, ; in bigger and smaller parts of the loop 
respectively. 


Magnetic field of current I, at point O, 1⁄ 


> — Ho 8h Mo n h 
1 4x R 4x 2 r 


= Hot 
8 R 


(in the direction of B4) 


TOPIC-2 





Revision Notes 
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1⁄ 





Magnetic field due to current I, at point O 
= os 
2 An 2 R 
= llo 
8 R 
(in the direction of B») 
> > > 
Net magnetic field, B = B, + B, 
p Mol; Mole 
B| = =-= x3 GY 
dia- ` er G) 7 


But L= 3], (As resistance of bigger part is three 
times that of the smaller part of the loop.) 
Substituting L,=3L, in equation (i), 


= 
|B| =0 Yr 


Ampere's Circuital Law and its Applications 


> Ampere’s circuital law states that the line integral of magnetic field around a closed path is uo times of total 


current enclosed by the path, Bal = uol 


where, 

B = magnetic field 

dl = infinitesimal segment of the path 
Ho = permeability of free space 


I = enclosed electric current by the path 


Amperian 
loop 






Net current passing 
through the closed 
Amperian loop 






Z 


> Magnetic field at a point will not depend on the shape of Amperian loop and will remain same at every point on 


the loop. 
Forces between two parallel currents 


> Two parallel wires separated by distance r having currents L and I, where magnetic field strength at second wire 


due to current flowing in first wire is given as: 


B= Moly 
27r 


° In this, the field is orientated at right-angles to second wire where force per unit length on the second wire will 


be: 
F _ toll, 
I 2r 
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° Magnetic field-strength at first wire due to the current flowing in second wire will be : 


B= Mol. 
27r 


> One ampere is the magnitude of current which, when flowing in each parallel wire one metre apart, results in a 
force between the wires as 2 x 107 N per meter of length. 
Applications of Ampere’s law to infinitely long straight wire, straight and toroidal solenoids : 
(i) Magnetic Field due to long straight wire 
> Ampere's law describes the magnitude of magnetic field of a straight wire as : 





p= bol 
amr 
@ 
Magnetic 
where, field lines 
° Field B is tangential to a circle of radius r centered on the wire. l 


Magnetic field B and path length L will remain parallel where magnetic field travels. 
(ii) Magnetic Field due to Solenoid 


> Solenoid : An electromagnet that generates a controlled magnetic field. 







> Solenoid is a tightly wound helical coil of wire whose diameter is small 


Magnetic field lines 
compared to its length. 


I into paper 


@ @ @ @ @ @ @ @ 






> Magnetic field generated in the centre, or core of a current carrying solenoid 
is uniform and is directed along the axis of solenoid. 
> Magnetic field due to a straight solenoid : 


° at any point in the solenoid, B = unl 
° at the ends of solenoid, B..4 = Hon 





where, n = number of turns per unit length, J = current in the coil. 
(iii) Magnetic Field due to Toroid 
> Toroid : It is an electronic component made of hollow circular ring wound with number of turns of copper wire. 
> The toroid is a hollow circular ring on which a large number of turns of a wire are closely wound. 


> A toroid with n turns per unit length with mean radius r, where current i is flowing through it, then the magnetic 
field experienced by the toroid with total number of turns N will be : 


> > I 
P B.dl=noi = B x 2nr = Ni 
where, r = average radius 


Here, B= HoN! 
r 





= uoni 


(here,n = Z) 
2r 


> At any point, empty space surrounded by toroid and outside the toroid, magnetic 
field B will be zero as net current is zero. 





Key Formulae 


> > 
> Ampere's circuital law d B.dl = uol 
> Magnetic field at the surface of a solid cylinder : B= Hot 
T 
Magnetic field inside the solenoid : B = unl 
> Magnetic field in a toroid with mean radius r : r= Pot 
Tr 


> Force between two parallel current carrying wires : F = Haar 
T 
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A Objective Type Questions (1 mark each) 





e 
(I) MULTIPLE CHOICE QUESTIONS | oe Oe. cued x 25x10? =5x10 N (towards right) 
O.1. A current of 10A is passing through a long wire 2x10 
which has semicircular loop of the radius 20cm as Forceon wireC duetowireGF, =107 x — a x 25x 107 
shown in the figure. Magnetic field produced at “a : 
: =5x10°N 
the centre of the loop is 
(towards left) p Net force on wire C isF_,, =F, — E. =0 
(a) 10r uT (b) 5n uT 
(c) 4n uT (d) 2x uT Commonly Made Error 
e The students do not apply the correct formula 
for the force acting per unit length and are 
20cm confused between the values of permittivity and 
10A permeability. 
p 


Answering Tip 


Ans. Correct option : (b) e The values of all the quantities in the formula should 


Explanation : Magnetic field at centre O due to semi- be put in SI units before the final calculation 
circular arc 


_ Magnetic field at centre of circular coil 





Q. 3. A solenoid 1.5 m long and 0.4 cm in diameter 
possesses 10 turns per cm length. A current of 5 


° A flows through it. The magnetic field at the axis 
7 Al Mol _ tol _ p_ (Az x 107)x10 inside the solenoid is 
2 2r) 4r 4x 20x10? (a) 2n x 10° T (b) 27 x 10 °T 
[Given, I =10Aandr=20cm=20 x 20 m] (c) 4x x 10°T (d) 4x x 10° T 
=52x10°T Ans. Correct option : (a) 
Explanation : Magnetic field at the axis inside the 
Q.2 Three long, straight parallel wires carrying current solenoid B = uni Here n =10 turns/cm = 1000 turns/m, 
are arranged as shown in the figure. The force i=5A 
experienced by a 25 cm length of wire C is a B=4nx 1077x1000 x 5=2nx 10°T. 
D C G (ID FILL IN THE BLANKS 
Q . 1. The force is attractive when the currents are in the 
| | | same direction and repulsive when the currents 
are in the directions. 
(i F Ans. opposite 
Sonn oem Q. 2. Ampere’s Circuital Law states that if magnetic 
field is directed along the tangent to every point on 
the perimeter of a closed curve and its magnitude 
30 A 10 A 20 A is constant along the curve, then the magnetic flux 
m pn 1S CQUal 622 aa 222 
(a) 10” N (b) 25x10” N Ans. ul 
` É ; S Q. 3. The total force acting on a charge q moving with 
PES. arect option : (c) velocity v in an electric field E and magnetic field 
B iS known 3s......................... 
30 A usa s. Ans. Lorentz force 
F Q.4.An anchor ring around which a large number of 
o ae ; 
turns of a metallic wire are wound is called as............. 
| | | 
Ans. Toroid 
+—3-em—| |«—2-.em— Q. 5.The ratio of magnetic field at the ends of a solenoid 
to that of magnetic field at the centre of the solenoid 
Explanation : 1S uini 
Force on wire C due to wire D 1 
Ans. — 
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(III) VERY SHORT ANSWER TYPE QUESTIONS particle will experience more force as compared to 


bet ticle. 
Q.1. A proton is moving along positive X-axis in the ss 


presence of uniform magnetic field along negative 9.3. What is the magnitude of magnetic force per unit 


Y-axis. What is the direction of the force acting on length on a wire carrying a current of 8 A and 
it? making an angle of 30° with the direction of a 
uniform magnetic field of 0.15 T? 


Ans. The direction of force acting on the proton will be 


towards the positive Z- axis according to Fleming's 
left hand rule. Magnitude of the uniform magnetic field, B = 0.15 T 


I ! ; . Angle between the wire and magnetic field, 0 = 30°. 
Q.2. Which one of the following will experience M : : as eee 
; : : agnetic force per unit length on the wire is given 
maximum force, when projected with the same ae 


velocity ‘v’ perpendicular to the magnetic field ‘B’: £ = Bl sind 
(i) Alpha particle, and (ii) Beta-particle? = 0.15 x 8 x 1 x sin30° 


Ans. The expression for the force on the charged = 0.6 N m! 
particle moving in the perpendicular direction of 
the magnetic field is given by F = qvB. So, alpha 


Ans. Current in the wire, I = 8 A 


À Long Answer Type Questions-I (3 marks each) 





Q. 1. A toroidal solenoid of mean radius 20 cm has 4000 stronger to weak part of external magnetic field 
turns of wire wound on a ferromagnetic core of making the core field less as compared to empty 
relative permeability 800. Calculate the magnetic core field. 1 
field in the core for a current of 3 A passing ; ! k Ae ; 
through the coil. How does the field change, when Q. 2. (i) How is a toroid different from a solenoid ? 


this core is replaced by a core of Bismuth ? (ii) Use Ampere’s circuital law to obtain the magnetic 
[O.D. Comptt. III 2017] field inside a toroid. 
Ans. Formula forman eaea d 1 (iii) Show that in an ideal toroid, the magnetic field 
i Calculations NS A field 1 (a) inside the toroid and (b) outside the toroid at 
2 
Effect of change of core 7 any point in the open space is zero. 
B = u uon] 1 (U| [O.D. Comptt. I, II, ITI 2014] 
TAERA) 
4000 Ans. (i) A toroid can be viewed as a solenoid which has 
= (800 x 4x x 10°’) x = 1⁄2 been bent into a circular shape to close on itself. 1 
(ii) 
= 9.6 T 
Since Bismuth is diamagnetic, its u, < 1 1⁄2 


.. The magnetic field in the core will get very 
much reduced. 


[CBSE Marking Scheme 2017] %2 
Detailed Answer: 
Given : 
Mean radius of toroidal solenoid = 20 cm 
Number of turns of wire wound = 4000 
Relative permeability of ferromagnetic core = 800 
Current passing through the coil = 3 A 
Magnetic field in a toroid coil : 


_ HoNI 





B 1 
2mr 
-7 
—_ p= 800x4nx10"7 x4000%3 y, 
27 X 20 x 107 
| B= 9.6 z For the magnetic field at a point S inside a toroid 

It is observed that as Bismuth is diamagnetic we have 
substance with relative permeability less than 1, B(27r) = NI 


it will have a tendency to move away from the 
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NI 
i= HO = = pon! 
Tr 


(n = no. of turns per unit length of solenoid) 1⁄2 
o N 
nr 
(iii) For the loop 1, Ampere’s circuital law gives 1⁄4 
B,.2mr, = up(0), Le. B, = 0 
Thus the magnetic field, in the open space inside 


the toroid is zero. 
Also at point Q, we have B, (2mr3) = pollonclosed) 


But from the section cut, we see that the current 
coming out of the plane of the paper, is cancelled 
exactly by the current going into it. 
Hence, Inclosed = Ü 
B, = 0 1 
[CBSE Marking Scheme 2014] 


Commonly Made Error 


e Generally students commit errors while obtaining 
the expression for magnetic field inside a toroid 





Answering Tip 


e Practice the derivation of Ampere's Circuital Law to 
obtain the magnetic field inside a toroid. 





Q. 3. (a) Define SI unit of current in terms of the force 
between two parallel current carrying conductors. 
(b) Two long straight parallel conductors carrying 
steady currents J, and I, along the same direction 
are separated by a distance d. How does one 
explain the force of attraction between them ? If a 
third conductor carrying a current I, in the opposite 
direction is placed just in the middle of these 
conductors, find the resultant force acting on the 
third conductor. R&U[CBSE Comptt. I, II, III 2018] 


Ans. (a) Definition of SI unit of current 1 
(b) Explanation of the force of attraction 1⁄2 
Finding the resultant force acting on the third 
conductor 1% 


(a) One ampere is the value of that steady current 
which, when maintained in each of the two very 
long, straight, parallel conductors of negligible cross- 
section, and placed one metre apart in vacuum, 
would produce on each of these conductors a force 
equal to 2 x 10” newton per metre of length. 1 
The wire (b) experiences a force due to the magnetic 
field caused by the current flowing in wire (a). 


(b 


w- 
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The magnetic field at any point on the wire (b) due 
to the current in wire (a) is perpendicular to the 
plane of two wires and pointing inwards and hence 
force on it will be towards wire (a). Similarly force 
on wire (a) will be towards wire (b). Hence two 
wires carrying currents in same direction attract 


each other. 1⁄2 
Force on wire (3) due to wire (1) 
t 
= ek towards right ; 1⁄2 
21 — 
Ë J l, l l, 


Force on wire 3 due to wire 2 





LI 
= 7 towards left ⁄ 
27| — 
A) 
Net force on wire 3 
z Hote p I,-I,] towards right 1⁄2 
Td 
Also accept 
= Hole | I, — "> towards left 
nd 


Note: Do not deduct last 1/2 mark if the student 
does not write the direction of force. 


[CBSE Marking Scheme 2018] 


Q. 4. A horizontal wire AB of length / and mass m carries 


a steady current I,, free to move in vertical plane 
is in equilibrium at a height of h over another 
parallel long wire CD carrying a steady current 
L,, which is fixed in a horizontal plane. Derive an 
expression for force acting per unit length on the 
wire AB and write the conditions for which wire 
AB is in equilibrium ? [CBSE SQP 2017-18] 
H 


A B 
h 
€ In D 


Ans. AB and CD are two parallel wires, so when the 
current flows in similar direction, both the wires 
will attract and when the current in one wire 
flows in opposite direction, they repel. 

F 


Magnetic 
aca aoe cena 
I 
E s O 
h ng B! 
m Sasia r as as —&—-—— au ania 
C I, D 


Now consider the above diagram, if wire AB is 
steady, then weight per unit length will be equal 
to force per unit length, so 
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Weight per unit length = an 1 
Further, the restoring force length = = x mee 1 
T 
At equilibrium, magnetic force per unit length will 
be mass per unit length x g, so F = is g= Holl; 
l 2mh 


[CBSE Marking Scheme 2017] 1 
Q.5. The figure shows three infinitely long straight 
parallel current carrying conductors. Find the : 
(i) magnitude and direction of the net magnetic field 
at point A lying on conductor 1, 
(ii) magnetic force on conductor 2. 


I 1 
n A 
3I 2 
2r 
4I 3 
[Foreign I, II, III, 2017] 
Ans. (i) Magnitude of magnetic field at A 1 
Direction of magnetic field at A 1⁄ 


(ii) Magnitude of magnetic force on conductor 2 1 


Direction of magnitude force on conductor2 1⁄4 


(i) B,= Ho 26 b| PAP into the plane of the 
~ 4T 





r 4n\ r 
paper/(@) 
B= Hay AH) = Eo al out of the plane of the 
° Ani 3r 4n\ 3r 
paper/(e) 


B,= B, — Bs into the paper 


= O 10! ) into the paper/(®) 
4n\ 3r 


s: Ho 21(31) i 
(ii) Fx, = i = away from wire 1 (towards 3) 
= Hae D "GD 


F 
: th 2r 


away from 3 (towards 1) 


— 


Glong Answer Type Questions-Il 
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Faa = Fo3 — Fz towards wire 1 
2 
= Mo 61)” towards wire 1 3 
4m r 


[CBSE Marking Scheme 2017] 


Q. 6. The magnitude F of the force between two straight 
parallel current carrying conductors kept at a 
distance d apart in air is given by 


p= Yo hl, 
2n d 
where, L, and L, are the currents flowing through 
the two wires 
Use this expression, and the sign convention that the : 
“ Force of attraction is assigned a negative sign and 
force of repulsion assigned a positive sign”. 
Draw graphs showing dependence of F on : 
(i) LI, when d kept constant. 
(ii) when the product LI, is maintained at a constant 
positive value. 
(iii) when the product LI, is maintained at a constant 
negative value. 
Ans. We know that F is an attractive (— ve) force when 
the currents I, and I, are ‘like’ currents, i.e., when 
the product J], is positive or when they are flowing 
in same direction. 
Similarly F is a repulsive (+ve) force when the 
currents I, and I, are ‘unlike’ currents, i.e., when the 
product Lil, is negative or when they are flowing 
opposite direction. 1 


Now F œ (Ll), when d is kept constant and F < n 


when Ll, is kept constant. 1 
The required graphs, therefore, have the forms 
shown below. 


A FP d—> MK 
J > 


(i) (ii) (iii) 


(5 marks each) 





Q. 1. (i) State Ampere’s circuital law. Use this law to obtain the expression for the magnetic field inside an air cored 
toroid of average radius ‘r’, having ‘n’ turns per unit length and carrying a steady current I. 

(ii) An observer to the left of a solenoid of N turns each of cross section area ‘A’ observes that a steady current I in 

it flows in the clockwise direction. Depict the magnetic field lines due to the solenoid specifying its polarity 


and show that it acts as a bar magnet of magnetic moment m = NIA. 


[R] [U] [Delhi I, II, III 2015] 
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Ans.(i) Line integral of magnetic field over a closed loop is equal to the u times the total current passing through the 
surface enclosed by the loop. 





Alternatively : 

(a) (b) 1 Faye 
Let the current flowing through each turn of the toroid be I. The total number of turns equals n.(2zr) where, n 
is the number of turns per unit length. 1⁄4 

Applying Ampere's circuital law, for the Amperian loop, for interior points. 

> > 
P B.dl = po (n:27r1) m 
= B x 2nr = uon 2nrl 

| B = ugnl 1⁄4 


(ii) 





fat 1⁄2 


The solenoid contains N loops, each carrying a current I. Therefore, each loop acts as a magnetic dipole. The 
magnetic moment for a current I, flowing in loop of area (vector) Á is given by 


m = IA 1⁄ 
The magnetic moments of all loops are aligned along the same direction. Hence, net magnetic moment equals 
to NIA. 12 [CBSE Marking Scheme 2015] 


Detailed Answer: 





| | Visi _ (aan dam ¿ffe (fat. {u chad: Lago. -inlig A Tht 
Ans. (i); Megrubie pild alng.. > AEA ass as Z <“ 
| ZZ patt paniy _ (a The bbp. _ Pn 
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[Topper's Answer 2015] 


TOPIC-3 


Torque and Galvanometer 





Revision Notes 


Torque experienced by a current loop in uniform magnetic field 
> Ina rectangular loop of length l, breadth b with current I flowing through it in a uniform 
magnetic field of induction B where angle 0 is between the normal and in direction of magnetic 


field, then the torque experienced will be : 





t = nBIAsin 9 
where, n = number of turns in the coil 
.. HIA= m 
Further, t = mBsin 8 


> Torque will be maximum when the coil is parallel to magnetic field and will be zero when coil is perpendicular to 


magnetic field. Scale 





> > > > 
> Invector notation, torque Tt experienced willbe t =m x B 


Pointer — Permanent magnet 


Moving coil galvanometer 
> Itisan instrument used for detection and measurement of small electric currents. 
> In this, when a current carrying coil is suspended in uniform magnetic field, it 
experiences a torque which rotates the coil. 


> The force experienced by each side of the galvanometer will be F = BII which are 






Soft-iron 
core 


opposite in direction. 


> Opposite and equal forces form the couple which generates deflecting torque on 


Uniform radial 


the coil having number of turns n is given as : magnetic field 
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C= xb 
= nBbIl x b 
= nBIA 


Scan to know 
more about 


this topic 


Moving Coil 
Galvanometer 





> Inmoving coil galvanometer, current in the coil will be directly proportional to the angle of the 
deflection of the coil, I= 0 
i.e., where, 0 is the angle of deflection. 
Current sensitivity of galvanometer 
> Current sensitivity of galvanometer is the deflection produced when unit current passes through the galvanometer. 


A galvanometer is said to be sensitive if it produces large deflection for a small current. 


 — 
nBA 
Current Sensitivity, 9 _ nBA 
I C 
> Voltage sensitivity of galvanometer is the deflection per unit voltage given as 
Voltage Sensitivity, 9 _ © _nBA 
V IG CG 


where, G = galvanometer resistance, C = torsional constant. 

> Increase in sensitivity of moving coil galvanometer depends on: 
(i) number of turns n (ii) magnetic field B (iii) area of coil A and (iv) torsional constant. 

Conversion of galvanometer into ammeter 

> Galvanometer can be converted into ammeter by connecting a low resistance known as shunt in parallel with the 
galvanometer coil. 

> IfI, being the maximum current with full scale deflection that passes through galvanometer, then current through 
shunt resistance will be i = (i-1,) 
where, G = Galvanometer resistance, S = Shunt resistance and 1 = Current in circuit 


> Now effective resistance of ammeter will be : 


I 
| 
+ 
| 








Conversion of galvanometer into voltmeter . 
> Voltmeter measures the potential difference between the two ends of a current | 
carrying conductor. (6) TOTE 

> Galvanometer can be converted to voltmeter by connecting high resistance in ; pe 
series with galvanometer coil. ! 

> As resistance R is connected in series with galvanometer, current through the — 





galvanometer will be, if 
l ee ‘a or, R= > -G 
R+G lo 
> Effective resistance of voltmeter is R,=G+R, 


where, R, is very large making the voltmeter to connect in parallel since it can draw less current from the circuit. 


www.jeeneetadda.in 


MOVING CHARGES AND MAGNETISM 


Key Formulae 


Poy. Ai xl 


> Force between two parallel wires F = 
a 


> Force between two moving charge particle F„ = 


> “mnax = NBIA 

> Current Sensitivity = s 
I C 

> Voltage Sensitivity = n 
V CG 
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r 





e° e e 
À Objective Type Questions (1 mark each) 
(I) MULTIPLE CHOICE QUESTIONS y B C 
Q. 1. A moving coil galvanometer of resistance 1000) is 
used as an ammeter using a resistance of 0.10. The I 
maximum deflection current in the galvanometer Ç L 
is 1004A. Find the current in the circuit so that the 
ammeter shows full scale deflection x 
(a) 100.1 mA (b) 1000.1 mA A D 
(c) 10.01mA (d)1.01mA L/2 L 
Ans. Correct option : (a) Qu TiL ai 
Explanation : (a) —— (b) — 
3m 2T 
The student is expected to know the working of an , , 
2 lt ui 
ammeter. (c) —— (d) — 
3 27 
i R, = (i-i )R, Ans. Correct option : (c) 
Explanation : 


. R, . 
1 = (1 + B; g 
On substituting the values, one gets i = 100.1mA. 


Q. 2. A galvanometer acting as a voltmeter will have :|K] 
(a) A high resistance in parallel with its coil 
(b) A high resistance in series with its coil 
(c) A low resistance in parallel with its coil 
(d) A low resistance in series with its coil 

Ans. Correct option : (b) 
Explanation : To work as voltmeter, the resistance of 
galvanometer should be high. A voltmeter indeed 
is a modified form of a pivoted coil galvanometer. 
Since, the resistance of coil of galvanometer of its 
own is low, hence to convert a galvanometer into a 
voltmeter, its resistance is to be increased. For this 
an appropriate high resistance is joined in series 
with the galvanometer. 

Q. 3. A square loop ABCD carrying a current i, is placed 
near and coplanar with a long straight conductor 


XY carrying a current I, the net force on the loop 
will be 


Force on arm AB due to current in conductor — XY is 
md AE tl 
l 4n(L/2) x 
acting towards wire in the plane of loop. 


Force on arm CD due to current in conductor XY is 
p = bo 2HL _ Moll 


2 An 3(L/2) 3r 








acting away from wire in the plane of loop. 
~. Net force on the loop = F, — F, 
-Aif 1) 2a 
7 3) 32 
(II) FILL IN THE BLANKS 
1. The current which produces a deflection of one 
scale division in the galvanometer is known 
Susa 
Ans. Figure of merit 
2. The torque experienced by a current carrying loop 
in a uniform magnetic field is given by the cross 
product Of ............... and orisa 
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Ans. Magnetic moment and magnetic field 
3. An ammeter can be considered as a ..................... 
resistance galvanometer 
Ans. low 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. A multi-range voltmeter can be constructed by 
using the galvanometer circuit as shown. We want 
to construct a voltmeter that can measure 2 V, 20 V 
and 200 V using a galvanometer of resistance 10 Q 
and that produces maximum deflection for current 
of 1 mA. Find R,, R, and R, that have to be used. 


Ri R2 R3 
2V y 200V 
[R] [CBSE SQP 2017-18] 
for 2 V range 
for 20 V range 
for 200 V range 1 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 
From the question, 
G =100, 
ic =1mA=10°A 
For 2 V range, 
ic(G + R) = 2, R, = 1:99 kQ = 2 kQ 
For 20 V range, 


— 
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ic (G + R,+ R,) = 20 


R, = 18 kQ 
For 200 V range, 
iG (G + Ry+ R, + R3) = 200 
R, = 180 kQ 1 


Commonly Made Error 


e Sometimes 





students commit errors while 


substituting the values. 


Answering Tip 


e Adequate practice are necessary to avoid errors 
while substitution. 





Q. 2. Write two properties of the material used as 


Ans. 


Q. 3. 


Ans. 


7 Short Answer Type Questions 


the suspension wire in case of a moving coil 
galvanometer. 
Low value of Torsional constant and high 
conductivity 

A galvanometer coil has a resistance of 15 © and 
the metre shows full scale deflection for a current 
of 4 mA. How will you convert it into an ammeter 
of range 0 to6 A? 
Given, a galvanometer coil, 

Resistance on galvanometer, G = 15 Q 

Current passing through the galvanometer, 
I,=4mA=4x10°A 

Current across the ammeter, I = 6A 

Using formula, 

I.G 

I= 


os 





Putting values, 
_4x10° x15 
6 — 0.004 
_ 60x10" 
5.996 
=10x10°Q=10mQ 
Therefore. a resistance of 10m should be connected 
so as to convert the galvanometer into an ammeter. 





(2 marks each) 





Q. 1. A square loop of side 20 cm carrying current 
of 1 A is kept near an infinite long straight wire 
carrying a current of 2 A in the same plane as 
shown in the figure. 

2A 


10cm 
A 1A p 


20cm 


Calculate the magnitude and direction of the 
net force exerted on the loop due to the current 
carrying conductor. [O.D. I, II, IHI 2015] 
OR 

A square shaped plane coil of area 100 cm’ of 
200 turns carries a steady current of 5 A. It is 
placed in a uniform magnetic field of 0.2 T acting 
perpendicular to the plane of the coil. Calculate the 
torque on the coil when its plane makes an angle 
of 60° with the direction of the field. In which 


orientation will the coil be in stable equilibrium ? 


www.jeeneetadda.in 


MOVING CHARGES AND MAGNETISM [ 117 


Ans. OR 
2A =i z 
Torque = Um x B y 






E 
|u, | = nl x A = 200 x 5 x 100 x 10% A.m? 





= 10 A.m2 
c > _ 
j Angle between M y and B = 90° — 60° = 30° y 
Here, L =2A;L=1A | Torque| = 10 x 0.2 x sin 30° A 
= 1 N.m A 


d, = 10 cm; d,=30 cm 

Uy = 4r x 107 TmA7 Q.2. An ammeter of resistance 0.80 () can measure 
current up to 1.0 A. 

(i) What must be the value of shunt resistance to 


LI 
F = 1 = l Ye enable the ammeter to measure current up to 5.0 A ? 


We have 


(ii) What is the combined resistance of the ammeter 
. Net force on sides ab and cd 











and the shunt ? [Al [Delhi I, II, HI 2013] 
RG 
= Ho2 x1 x 20 x 107 Pere _ sa |N 1⁄4 Ans. (i) Shunt, SS a y, 
27 10x10“ 30x107 i 
0 0.8x1.0 
= ma N = = 0 20) 1, 
a eee al 5.0-1.0 
16 (ii) Combined resistance of ammeter and shunt 
= —x10’N 1 1 i 
Riotal Ky, 5 
= 5.33 x 107 N ; 
This net force is directed towards the infinitely long "V j 
straight wire. VY 0.8 0.2 
Net force on sides be and da = zero. Ron = 0.8 
~. Net force on the loop = 5.33x107” N 1⁄2 x 
The force is directed towards the infinitely long = Risa = 9.16 O Ya 
straight wire. [CBSE Marking Scheme, 2013] 
4 Fi Long Answer Type Questions-I (3 marks each) 





Q.1. A bar magnet of magnetic moment 6 J/T is aligned 
at 60° with a uniform external magnetic field of 
0-44 T. Calculate (a) the work done in turning the 
magnet to align its magnetic moment (i) normal 
to the magnetic field, (ii) opposite to the magnetic 


= 5 x6x 044] =132] ⁄ 


(ii) 8, = 60°, 0, = 180° 
`. work done = mB(cos 60° — cos 180°) 


field, and (b) the torque on the magnet in the final Se a( 5 = D) Š 2 aB 4 
orientation in case (ii). [CBSE Delhi Set 2018] 1 ° 
Ans. (a) Formula and Calculation of work done in the = >x 6 x0:44 J = 3:96 J 1⁄ 
two cases (I+ 1) 
(b) Calculation of torque in case (ii) 1 [Also accept calculations done through changes in 
(a) Work done = m,(cos 9; — cos 9,) potential energy.] 
(i) 0, = 60°, 0, = 90° = = 
`. work done = mB(cos 60°— cos 90°) (b) a ale r x B| . 
= mB( > -0)=5mB 7 For 0 = 180°, ee A 
2 2 Torque = 6x0.44 sin 180° = 0 
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[If the student straight away writes that the torque 
is Zero since magnetic moment and magnetic field are 
anti parallel in this orientation, award full marks] 1⁄2 

[CBSE Marking Scheme 2018] 


Q.2. An electron of mass m, revolves around a 
nucleus of charge + Z,. Show that it behaves like 
a tiny magnetic dipole. Hence, prove that the 
magnetic moment associated with it is expressed 


as assay , where L is the orbital angular 


momentum of the electron. Give the significance 
of negative sign. U| [Delhi II 2017] 





Ans. (i) Behaviour of revolving electron as a tiny 


magnetic dipole. 1 
> > 
(ii) Proof of the relation, u = TER 1% 
Me 
(iii) Significance of negative sign 1⁄4 


Electron, in circular motion around the nucleus 
constitutes a current loop which behaves like a 
magnetic dipole. 1 
Current associated with the revolving electron 


I= Š 
T 
and ; u 
O 
—e 
[= — 1⁄ 
me i 
m 


Magnetic moment of the loop, 
u = IA 


u = A= -rr 
2nr 


er eM, Ur 


= ——— —— 1 
2 2m, l: 
Orbital angular momentum of the electron, 
L =-m,or 
=. —e ? 
oa s %2 
2m, 


—ve sign signifies that the angular momentum of 

the revolving electron is opposite in direction to 

the magnetic moment associated with it. VY 
[CBSE Marking Scheme 2017] 
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Q. 3. Describe the working principle of a moving coil 
galvanometer. Why is it necessary to use (i) a radial 
magnetic field and (ii) a cylindrical soft iron core 
in a galvanometer ? 


Write the expression for current sensitivity of the 
galvanometer. 


Can a galvanometer as such be used for measuring 
the current ? Explain. [Delhi I, II, III 2017] 


Ans. Working Principle of moving coil galvanometer 1 


Necessity of 
(i) Radial magnetic field 1⁄2 
(ii) Cylindrical soft iron core 1⁄2 
Expression for current sensitivity 1⁄4 


Explanation of use of Galvanometer to measure 
current 1⁄2 
When a coil, carrying current and free to rotate 
about a fixed axis, is placed in a uniform magnetic 
field, it experiences a torque (which is balanced by 
a restoring torque of suspension). 1 


(i) To have deflection proportional to current/to 
maximize the deflecting torque acting on the 
current carrying coil. 1⁄2 


(ii) To make magnetic field radial/to increase the 





strength of magnetic field. 1⁄4 
Expression for current sensitivity 
L = 9 a NAB Vs 
I K 


where, 0 is the deflection of the coil 

No, 

The galvanometer, can only detect currents but 

cannot measure them as it is not calibrated. The 

galvanometer coil is likely to be damaged by 

currents in the (mA/A) range] 1⁄2 
[CBSE Marking Scheme 2017] 


Commonly Made Error 


e Sometimes students do not write correct statement 
of working principle of moving coil galvenometer. 


Answering Tip 


e Learn the working principle of moving coil 
galvanometer properly. 





Q. 4. (a) Derive the expression for the torque acting on 
a current carrying loop placed in a magnetic 
field. (CBSE SQP 2019) 


(b) Explain the significance of a radial magnetic 
field when a current carrying coil is kept in it. 


Ans. (a) Derivation of expression for torque 2 
(b) Significance of radial magnetic field. 1 
Consider the simple case when a rectangular loop 
is placed in a uniform magnetic field B that is in 
the plane of the loop. 
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*— —— 
Rotation axis 


1⁄4 





(b) 
Force on arm AB = F} = IbB (directed into the plane 
of the loop) 
Force on arm CD = F, = IbB (directed into the plane 
of the loop) Ji 
Therefore the magnitude of the torque on the loop 


due to these pair of forces 


a a 
=F—+F,— 1 
T 15 29 1⁄2 

= I(ab)B 
F 
- AB ih /2 


(A = ab = area of loop) 

Alternatively, 
Also accept if the student does calculations for the 
general case and obtains the result. 

Torque = IABsin $ 
Alternatively, 
Also accept if the student says that the equivalent 
magnetic moment (m), associated with a current 
carrying loop is 


m= An (A = area of the loop) 


The torque, on a magnetic dipole, in a magnetic 


field, is given by 
t=mxB 
-.t=IA(n xB) 
Hence 


Magnitude of torque is = IAB sin $ 


(b) When a current carrying coil is kept a radial 
magnetic field the corresponding moving coil 
galvanometer would have a linear scale. 1 


Alternatively, 
"In a radial magnetic field two sides of the 
rectangular coil remain parallel to the magnetic 
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field lines while its other two sides remain 
perpendicular to the magnetic field lines. This 
holds for all positions of the coil". 

[CBSE Marking Scheme 2019] 


Q.5. (a) State the underlying principle of a moving coil 
galvanometer. 

(b) Give two reasons to explain why a galvanometer 
cannot as such be used to measure the value of 
the current in a given circuit. 

(c) Define the terms : (i) voltage sensitivity and 

(ii) current sensitivity of a galvanometer. 


[CBSE SQP 2019] 

Ans. (a) Principle 1 
(b) Two reasons Yat 1⁄2 

(c) Definitions of voltage sensitivity and current 
sensitivity (A+ 1⁄2) 


(a) “A current carrying coil can experience a torque in 
a magnetic field.’ 1 

(b) (i) Galvanometer is a very sensitive device, it 
gives a full scale deflection for a current of the 

order of a few uA 1⁄2 

(ii) Resistance of galvanometer is not very small, 
hence it will change the value of current in the 
circuit branch when connected (in series in that 
branch) Ya 

(c) Current sensitivity is defined as the deflection per 
unit current 1⁄2 


(Alternatively, current sensitivity = ° ) 


Voltage sensitivity is defined as the deflection per 


unit potential difference applied. 12 


(Alternatively, Voltage sensitivity = Š ) 


[CBSE Marking Scheme 2019] 


Detailed Answer: 


(a) Principle of moving coil galvanometer : When 
a current carrying coil is suspended in a uniform 
magnetic field it is acted upon by a torque. Under 
the action of this torque, the coil rotates and the 
deflection in the coil in a moving coil galvanometer 
is directly proportional to the current flowing 
through the coil. 


(b) The galvanometer can not as such be used to 
measure the value of the current in a given circuit 
for the following two reasons : 


(i) It is a very sensitive device, it gives full scale 
deflection for a current of the order of mA. 


(ii) For measuring currents, the galvanometer has to be 
connected in series. It has large resistance this will 
change the value of current in the circuit. 
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(c) (i) Voltage sensitivity is defined as deflection per 
unit voltage and given by formula 
9 = Nan) 1 
vY 
(ii) Current sensitivity is defined as deflection per 
unit current and is given by formula 


> _ NAB 
I À 


. Prove that the magnetic moment of the electron 
revolving around a nucleus in an orbit of radius 


r with orbital speed v is equal to > . Hence 


using Bohr's postulate of quantization of angular 
momentum, deduce the expression for the 
magnetic moment of hydrogen atom in the ground 


state. [CBSE SOP 2019] 


evr ° 
2 


Deducing expression of the magnetic moment 


Ans. Proving magnetic moment as 





of hydrogen atom 1 
The magnetic moment is 
m = IA 1⁄2 
But currentis =“ = > y 
2zr 
2 
where, T =~ and the area, À = zr? y 
Vv 
n- ile OF 7 
2zr 2 
But from Bohr's second postulate 
ae form—1 % 
i 2m 2r 
nh 
Ur = 
2mm 


Hence the magnetic moment is 
_ ° a]. Wiker 

ñ > 2am, ` 4zxm, 

[CBSE Marking Scheme 2019] 








(Here n=1) Y2 


Detailed Answer : 
Since, electron in circular motion around the 
nucleus constitutes a current loop which behaves 
like a magnetic dipole. 


Current associated with the revolving electron. 


I= £ 
T 
and T = i 
v 
e 
. I= —v 1 
2r : 
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O | 8 


Magnetic moment of the loop, u = IA 


u= A = a’ 
2nr 
Apply Bohr's postulate for angular momentum 
h 
mor = n— 
27 
for ground state, n= 1 
h h š 
mor=jk OL, vr = —— ...(1) 
2 2mm 


Now, magnetic moment 


_ °= 
2 U2rm 


h e 


_ evr 


2 


[using eqn. (i)] 


4r m 


Q.7. A square loop of side 'a' carrying a current I, is 
kept at distance x from an infinitely long straight 
wire carrying a current L, as shown in the figure. 
Obtain the expression for the resultant force acting 


on the loop. [CBSE SOP 2019] 
a 
L k 
a a 
< X 
0 
Ans. 
S R 
I =1A 1,=0.2A 
10 cm 
T 1 
Q 


15 cm 
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Force of attraction experienced by the length SP Force is repulsive 
of the loop per unit length So the net force experienced by the loop is (per 
f= 20,11. 7 unit length) 
goa J = h-hh) 
í SS =4x10 “Nm ! v Total force experienced by the loop is : 
x 
Force is attractive, F = (f,-f,)l = (1.4 x 10°’) x 5 x102 1⁄2 
Ë= 2u,1,1, | Net force is attractive in nature 12 
2 
4, A As the lines of action of forces coincide torque is 
2x10 x1x0.2 E a i 
f. = =” 6x 0 Nm zero. [CBSE Marking Scheme, 2019] 
i 15x107 Vs 


Å Long Answer Type Questions-Il (5 marks each) 





1 
NBA — 


galvanometer. Describe briefly its principle and 
working. [O.D. L IL III 2014, 2011; Delhi 2010] 


(b) Answer the following : 


Q.1.(a) Draw a labelled diagram of a moving coil k 
So g 


I =< 0 


The deflection of the coil is therefore, proportional 


(i) Why is it necessary to introduce a cylindrical to the current flowing through it. y, 


fti inside the caiac ter? 
SOFE ITON COTE IMSICE ME COME se see (b) (i) The softiron core not only makes the field radial 


(ii) Increasing the current sity of a but also increases the strength of the magnetic 


galvanometer may not necessarily increase its field. 1 
voltage sensitivity. Explain, giving reason. (ii) We have 
[O.D. I, II, III 2014, 2011] Current sensitivity = s = ai 
Ans. (a) Scale 
Volt oe ee 
oltage sensi ey a T JR k "R = 





Pointer — Permanent magnet 


It follows that an increase in current sensitivity 
may not necessarily increase the voltage 
sensitivity. 1⁄ 

[CBSE Marking Scheme 2014, 11] 


Commonly Made Error 


Soft-iron 
core 


| e Many candidates do not able to recall the correct 
Uniform radial 1 

tic field a: 
pani values of current and voltage sensitivity. 


Principle and working : A current carrying coil, 
placed in a uniform magnetic field, can experience Answering Tip 





g due. e Revise the expressions for the current sensitivity 

Consider a rectangular coil for which no. of turns Ee 

SN m” and voltage sensitivity thoroughly 

Area of cross-section = 1 x b = A, Q. 2. (a) Write the expression for the equivalent 

Intensity of the uniform magnetic field = B, magnetic moment of a planar current loop of area 

Current through the coil = I A, having N turns and carrying a current 7. Use the 

<. Deflecting torque = BII x b = BIA expression to find the magnetic dipole moment of 

For N turns, x = NBIA a revolving electron. 

Restoring torque in the spring = k0 VA (b) A circular loop of radius r, having N turns and 

(k = restoring torque per unit twist) carrying current I, is kept in the XY plane. It is then 
NBIA = k0 subjected to a uniform magnetic field B = B,i + 
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B, j + B.k . Obtain expression for the magnetic 
potential energy of the coil-magnetic field system. 
[CBSE SQP 2018-19] 

Ans. (a) The equivalent magnetic moment is given 


by u = NiA ⁄ 
The direction of u is perpendicular to the plane 
of current carrying loop. It is directed along the 
direction of advance of a right-handed screw 
rotated along the direction of flow of current. 1⁄2 


NYA 
JN 


NYA 
JN 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


Derivation of expression for u of electron revolving 


around a nucleus 2 
(b) for the loop, 
— ^ 
u = N(xrr2)i(*k) y 
> > 
Magnetic potential energy = u.B VY 
= N(n r’) i (Œk). (B, i+B, j+B,k) Ys 
Sar Nis. 1 
[CBSE Marking Scheme, 2018-19] 
NYA 
IN 
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CHAPTER 





Syllabus 


> Current loop as a magnetic dipole and its magnetic dipole moment; Magnetic dipole moment of a 
revolving electron. 


> Barmagnet as an equivalent solenoid; Magnetic field lines; Earth’s magnetic field and magnetic elements. 


Chapter Analysis 


List of Concepts Name | , 2 


Magnetic Dipole 2Q 
(3 marks) 
(3 marks) 
(3 marks) 
Magnetic field of solenoid, Earth's 
magnetism & magnetic properties of L® 
materials. (1 mark) 
(3 marks) 


TOPIC-1 








Magnetic Dipole TOPIC - 1 
Magnetic Dipole .... P. 124 
a TOPIC - 2 
Revision Notes Magnetic field of a Solenoid, Earth's 
Magnetism .... P. 131 


Current loop as a magnetic dipole and its magnetic dipole moment 
> Magnetic dipole is a small magnet of microscopic dimensions similar to flow of electric charge around a loop. 


> Magnetic dipole moment is the strength of magnetic dipole that measures dipole's ability to align itself with 
external magnetic field. 


> Magnetic dipole moment, known as magnetic moment, is the maximum amount of torque generated by magnetic 
force on dipole which appears per unit value of surrounding magnetic field in vacuum. 


> Magnetic field produced at large distance r from the centre of circular loop along its axis will be 


Scan to know 
B= 2uolA more about 
_ 3 this topic 
Arr P 


where, I = current in the loop, A = area 
> Magnetic moment of current loop is the product of current and loop area, 





M=IXxA Magnetic 
> Acurrent loop may experience a torque in a constant magnetic field, Movement 

> > > 

t= MxB 
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Magnetic dipole moment of revolving electron 


> 


For an electron of charge e revolving around a nucleus of charge Ze at an orbit of radius r, with velocity v and 
magnetic moment w, the orbital magnetic moment will be 





em,vr 
HK tss 
2m, 
But angular momentum of electron, 
L = mor 
e 
H = 2m j 


e 


Here (—) sign shows that angular momentum's direction is opposite to the magnetic moment’s direction.. 


Magnetic field lines 


> 


They are imaginary closed loops which continuously represent the direction of magnetic field at any point. 
Tangent at any point of these loops give the direction of magnetic field at that point. 


Concentration of field lines gives strength of magnetic field. 


Two field lines can never intersect each other. If they would, there will be two tangents at the point of intersection, 
which mean two directions of magnetic lines, which is impossible. 


In a ‘uniform’ magnetic field, the field lines are parallel and equidistant. 


If a magnetic needle is placed in a magnetic field and left, it will experience a torque and start oscillating in simple 
harmonic motion. 


Torque on a magnetic needle, 
t=MxB 


where, B is external magnetic field in which magnetic needle is kept. 


T=2n,|—— 
MB 


where, I is moment of inertia of magnetic needle. 


Time period of oscillations of magnetic needle, 


Potential energy of a magnet in a magnetic field, 


U=-M.B 


Know the Terms 


y v v V V 


v 


Magnetic dipole : À system of two equal and opposite magnetic poles separated by small distance. 

Magnetic length : It is the distance between the two poles of a magnetic dipole. 

Magnetic dipole moment : It is the product of pole strength and separation between two poles. It is denoted by M. 
Geographic meridian : It is a vertical plane that passes through the north and south poles at a given place. 
Magnetic declination : It is a region which describes the angle between the geographic meridian and magnetic 
meridian. 

Magnetic intensity : It is the magnetic moment per unit volume. 


y Objective Type Questions (1 mark each) 





e 
(D MULTIPLE CHOICE QUESTIONS. (b) points along the axis of the toroid (m = mọ). 
Q.1. A toroid of n turns, mean radius R and cross- (c) is zero, otherwise there would be a field falling 

sectional radius carries current I. It is placed on see large distances outside the toroid. 

a horizontal table taken as x-y plane. Its magnetic Ñ 

monient 4i 1 ; eee eat (d) is pointing radially outwards. 

(a) is non-zero and points in the z-direction by 

symmetry. [NCERT Exemplar] 
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Ans. 


Ans. 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


Correct option : (c) 


Explanation: As we know that a toroid can be 
considered as a ring shaped closed solenoid. So, it 
is like an endless cylindrical solenoid. 





The magnetic field is only confined inside the body 
of a toroid in the form of concentric magnetic lines 
of force. 

For any point inside the empty space surrounded 
by toroid and outside the toroid, the magnetic field 
B is zero because the net current enclosed in these 
spaces is zero. So, the magnetic moment of toroid 
is zero. In general, if we take r as a long distance 


À 1 I . 
outside the toroid, the m < — but this case is not 
r 


possible here. 


. If the earth's magnetic field has a magnitude 


3.4x10 T at the magnetic equator of the earth, 
what would be its value at the magnetic poles of 
the earth? 
(a) 6.8x10 5 T (b) 6.7x10° T 

(c) 9.3x10 T (d) 8.8x10 ° T 

Correct option : (a) 

Explanation : Magnetic at the magnetic equator, 
B = 3.4 x 10 >T 

Let M be the magnetic moment of Earth's magnetic 
dipole and R be the distance of the observation 
point from the centre of Earth's magnetic dipole. 
As the point on the magnetic equator is on the 
equatorial position of Earth's magnet, the magnetic 
field at the equatorial point (B) is given by : 


_ uy M 
4r R° 
=> 0 x =3.4x10° 
An 
a = 3.4x10°xR°x4n 
4nx107 


=> M =3.4x107R° 


As the magnetic field on Earth’s geomagnetic poles 
lies on the axial point of the magnetic dipole, to 
magnetic field at the axia i point (B,) is by 


tet 
4n R 
10” x2x3.4x10? x R? 
=> B, =—— 


R? 
= B, =6.8x10°T 


Q.3. 


Ans. 


A thin rectangular magnet suspended freely has a 
period of oscillation equal to T. Now, it is broken 
into two equal halves (each having half of the 
original length) and one piece is made to oscillate 
freely in the same field. If its period of oscillation 


is T’, the ratio T’/T is 
1/2 1 
aaa = 
(a) — (b) 5 
1 
(o) 2 (d) + 
Correct option : (b) 
Explanation : 


| I 
Foran oscillating magnet, T = 27, /—— 
magn MB 


Where I = ml?/12, M = xl, x =pole strength. 
When the magnet is divided into 2 equal parts, the 
magnetic dipole moment : 

xxl 





M = Polestrength x length = w, ` = .... (i) 
r _ Massx (length) 
12 
_M2x(y2)? mË I o 
12 12x8 8 E 


.. Timeperiod T' = 27, — 
M'B 
es F M IT" M 
.— =,/— x — = ,|—x— 
T YM I I M' 
P: E 2 1 
¿== y = 
T V8 1 2 


(iii) 


Commonly Made Error 


e The students get confused with the formula of 
the oscillating magnet and the expression for the 
moment of inertia. 


Answering Tip 


e The concept of moment of inertia should be read 
thoroughly and calculation error must be avoided. 





Q. 4. The magnetic moment (u) of a revolving electron 


Ans. 


around the nucleus varies with principal quantum 


number n as 
1 
(a) won (b) care 
1 
(c) £ <H (d) pan 


Correct option : (a) 


Explanation: According to Bohr's quantization 
condition ; the angular momentum is an integral 
multiple of h/ 21 
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(ID FILL IN THE BLANKS 
Q. 1.The SI unit of magnetic dipole moment is ................ 
R. 

Ans. Am2 

Q. 2.The lines of force due to earth's horizontal magnetic 
field are.............. 

Ans. parallel and straight 
O. S. The ameca to the magnetic field lines at any point 
gives the direction of the magnetic field at that point. 
R. 


Ans. tangent 
(ID VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. A rod of length L, along East West direction is 
dropped from a height H. If B be the magnetic 
field due to earth at that place and angle of dip 
is 0, then what is the magnitude of induced emf 
across two ends of the rod when the rod reaches 
the earth? [CBSE SOP 2016] 


Ans. g = Blv 
= Bcos 0 x L x (2¢H)” 1 
[CBSE Marking Scheme, 2016] 
Detailed Answer : 


If a rod of length L is dropped from the height 
H, it will cut the horizontal component of earth's 
magnetic field, thereby changing the magnetic flux 
by inducing an emf. When B is the magnetic field 
and 0 is the angle of dip, then horizontal magnetic 
field will be Bcos 9 and velocity of rod dropped will 


be /2¢H 


Hence, induced emf will be : 
le| = BcosOx Lxv 


le| = Bcos@x Lx /2¢H 1 


Q. 2. A coil of ‘N’ turns and radius ‘R’ carries a current 
‘T. It is unwound and rewound to make a square 
coil of side ‘a’ having same number of turns (N). 
Keeping the current ‘I’ same, find the ratio of 


Å Short Answer Type Questions 


Q. 1. A rectangular coil of sides “T and ‘b’ carrying a 
current J is subjected to a uniform magnetic field 
ms 


B, acting perpendicular to its plane. Obtain the 
expression for the torque acting on it. 
[Delhi Compt. I, II, III 2014] 


Ans. Equivalent magnetic moment of the coil, 
=> A 
M = IAn 
= A 
M = lbn Ya 
( n = unit vector L to the plane of the coil) 


> > 
Torque = M xB 
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the magnetic moments of the square coil and the 
circular coil. [Delhi Comptt. I, II, III 2013] 





Ans. A, = mR° 
mı = NIA, 
Ana [Square coil] 
m, = NIA, 
mı = NIA, 
H, NIA, 
=: nR? 
a 
m _ 22(RY 1 
My 7\a 
Q. 3. Which orientation of the magnetic dipole in a 


uniform magnetic field will correspond to its 

stable equilibrium? 
Ans. When the angle between the magnetic dipole 
moment and magnetic field is 0° ie. both are 
parallel to each other, then the magnetic dipole is 
said to be in stable equilibrium. 
.4. A magnetized needle in a uniform magnetic field 
experiences a torque but no net force. An iron nail 
near a bar magnet, however, experiences a force of 
attraction in addition to a torque. Why? 
There will not be any force if the magnetic field 
is uniform and the iron nail experiences a non 
uniform field due to a bar magnet. There is an 


Ans. 


induced magnetic moment in the nail, therefore it 
experiences both force as well as the torque. The 
net force acting on it will be attractive because 
the induced south pole in the nail will be closer to 
the north pole of the magnet as compared to the 
induced north pole. 


(2 marks each) 


A => 
= lbn x B 1⁄ 
= í) 1⁄, 
A — 

(as n and B are parallel or antiparallel to each 

other) 1⁄2 

[CBSE Marking Scheme 2014] 
Q.2. A circular coil of N turns and radius R carries 
a current I. It is unwound and rewound to make 
another coil of radius R/2, current J remaining the 


same. Calculate the ratio of the magnetic moments 
of the new coil and the original coil. 
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Ans. We have : 
N,.2nR = N}. 2r(R/2) 1⁄2 
N, = 2N, 
Magnetic moment of a coil, m = NAI VY, 


For the coil of radius ‘R’, 


4 Long Answer Type Questions-I 


Q.1. An electron of mass m, revolves around a 
nucleus of charge +Ze. Show that it behaves like 
a tiny magnetic dipole. Hence, prove that the 
magnetic moment associated with it is expressed 


as = ay , where L is the orbital angular 


e 


momentum of the electron. Give the significance 
of negative sign. [Delhi II 2017, 2014] 


Ans. (i) Behaviour of revolving electron as a tiny 


magnetic dipole. 1 
> e 2? 
(ii) Proof of the relation u = -—— L 1 
2m, 
(iii) Significance of negative sign 1 


Electron, in circular motion around the nucleus 
constitutes a current loop which behaves like a 
magnetic dipole. 1 
Current associated with the revolving electron : 4 


I= £ 
JE 

and J = < 
U 

r, s 

Ur 


Magnetic moment of the loop, 


ev 
j j) — ae 
27r 
evr emor 
= —=—— 1⁄4 
2 2m 


Orbital angular momentum of the electron, 


L = myr 
= —e = 

= —] 1 
j 2m 2 
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m, = NIA, = NInR* 


For the coil of radius R/2, 


2NInR? NInR? 
= Vs 
4 2 


> mi: m, = 1: 2 1⁄2 








m, = NIA, = 


(3 marks each) 


—ve sign signifies that the angular momentum of 
the revolving electron is opposite in direction to 
the magnetic moment associated with it. 1 


[CBSE Marking Scheme 2017] 


Q. 2. Derive the expression for the torque t acting on 


a rectangular current loop of area A placed in a 
> > > 
uniform magnetic field B. Show that t =m x B 


— 
where ™ is the magnetic moment of the current 





loop given by m=1A [U] [Foreign, 2016] 
Ans. The force, on a wire of length l, carrying a current 
I, in a magnetic field B , is given by eS IIB sin 0 

=I i xB 7 

For a rectangular loop, placed as shown, in a 


magnetic field B : 





|Force on arm BC| = |Force on arm DA | = IIB sin 0 


5 
where, 0 = angle between side BC and B 1⁄2 


These two forces add up to zero as they are 
collinear (along the axis of the coil) and act in 


opposite directions. VY 
|Force on arm AB| = | Force on arm CD| = IbBsin 9 
1⁄4 


These two equal and opposite forces are not 
collinear. The perpendicular distance between 
their lines of action is, as shown, 


2X 3 sin 0 = asin 0 


~. Torque acting on the coil, has a magnitude 1, 


where, 
t = (IbB) x (asin 0) = IABsin 0 (A = ab = area of 
the coil) 1 
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In vector form, 


I Ax B 


— 


But IA = m,as given 


> > 


G = m xB 1⁄2 
[Note : Award these 3 marks, as per the given 


al Play 
| 


sequence, even if the student does the derivation 
by taking the coil in the (special) position where 
its two arms are parallel and the other two arms 


are perpendicular to the direction of B | 
[CBSE Marking Scheme 2016] 


. A bar magnet of magnetic moment 6 J/T is aligned 
at 60° with a uniform external magnetic field of 
0-44 T. Calculate (a) the work done in turning the 
magnet to align its magnetic moment (i) normal 
to the magnetic field, (ii) opposite to the magnetic 
field, and (b) the torque on the magnet in the final 
orientation in case (ii). lU] [Delhi & OD 2018] 


Ans. (a) Formula and 
Calculation of work done in the two cases (1+ 1) 
(b) Calculation of torque in case (ii) 1 
(a) Work done = MB(cos 8,— cos 85) 
(i) 9, = 60°, 0, = 90° 
Work done = MB(cos 60°— cos 90°) 


1 1 
MB| ——0 |= -MB 1 


+6044) =132] 1⁄2 


(ii) 0, = 60°, 0, = 180° 
Work done = MB(cos 60° — cos 180°) 


1 3 
MB| ——(-1) 2MB 1 
Ë ( ) 5 Vy 


=x6x0-44] =3:96] Vy 


[Also accept calculations done through changes in 


potential energy.] 

(b) Torque = M x B = MBsin 9 
For 0 = 180°, % 
We have Torque = 6X0.44 sin 180° = 0 


[If the student straight away writes that the torque 
is zero since magnetic moment and magnetic field 


are anti parallel in this orientation, award full marks] 2 


[CBSE Marking Scheme 2018] 
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Detailed Answer: 


Given, B = 0.44 T 
M = 6J/T 





(a) (i) 0, = 60°, 0, = 90° since magnet is placed 
perpendicular to magnetic field. So, work done 
in rotating the magnet from 9, to 6, is 


W, =—MB(cos8, — cos, ) 


= —6 x 0.44(cos90° — cos60°) = —2.64 |] 


W, = 1.32 Joule. 1 
(ii) Work done in aligning the magnet opposite to 
magnetic field. i.e. 0, = 180°, 0, = 60° 


> ee 80500 05 oaa] -1 ü 7 


= —2.64 x |) = +3.96 Joule 
W, = +3.96 Joule 1 


(b) The torque on magnet aligned at angle 6, is given 
by t = MBsin 0, in case a (ii) 0, = 180° therefore 
t= 60.44 x sin 180° = 2.4 x0 
T=0 
=> Torque in case a (ii) i.e., at 0, = 180° position is zero. 1 


Q. 4. (a) State Gauss's law for magnetism. Explain its 
significance. 


(b) Write the four important properties of the magnetic 
field lines due to a bar magnet. 


Ans. (a)Statement of Gauss's law in magnetism 1⁄2 
Its significance Yr 


hh x4 


(a) Gauss's law for magnetism states that "The total 
flux of the magnetic field, through any closed 


(b) Four Important Properties 


surface, is always zero. 12 
Alternatively, 
= $B.ds =0 
5 


This law implies that magnetic monopoles do not 
exist" / magnetic field lines form closed loops. 1⁄2 
[Note : Award this 1 mark if the student just 
attempts it]. 

(b) Four properties of magnetic field lines 

(i) Magnetic fields lines always form continuous 
closed loops. 1⁄2 
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(ii) The tangent to the magnetic field line at a given 
point represents the direction of the net magnetic 
field at that point. 1⁄2 


(iii) The larger the number of field lines crossing per 
unit area, the stronger is the magnitude of the 
magnetic field. 1⁄2 


(iv) Magnetic field lines do not intersect. 1⁄4 


Detailed Answer: 


(a) Gauss's law of magnetism : The net magnetic flux 
through any closed surface is zero. i.e., 


by = PB.ds=0 
S 


Z 


#y Long Answer Type Questions - II 
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The law holds significance as it indicates that 
isolated monopoles does not exist. There are no 
sources or sinks of B; the simplest magnetic element 
is a dipole or a current loop. 
(b) Magnetic field lines due to bar magnet : 
(i) Magnetic field lines form continuous closed loops. 
(ii) The tangent to the field at a given point represents 
the direction of the net magnetic field of that point. 
(iii) Larger the number of field lines crossing per unit 
area, the stronger is the magnitude of the magnetic 
field B. 
(iv) The magnetic field lines do not intersect. 


(5 marks each) 





Q.1. (a) Write the expression for the equivalent 
magnetic moment of a planar current loop of area 
A, having N turns and carrying a current I. Use the 
expression to find the magnetic dipole moment of 

a revolving electron. 
(b) A circular loop of radius r, having N turns and 
carrying current I, is kept in the XY plane. It 
is then subjected to a uniform magnetic field 


> 


B= B,i + B,J + B, k . Obtain expression for the 
magnetic potential energy of the coil-magnetic 
[CBSE SQP 2018-19] 
Ans. (a) The equivalent magnetic moment is given by 
M = NIA 72 
moment is 


field system. 


The direction of 
perpendicular to the plane of current carrying 
loop. It is directed along the direction of 
advance of a right-handed screw rotated along 
the direction of flow of current Derivation of 


magnetic 


expression for M of electron revolving around a 


nucleus. 2 
(b) For the loop, M=Nar7Ik Yr 
Magnetic potential energy = M- A 
= Nz Ê (B,i +B, j +B,k) 1⁄4 
= NIB, 1⁄2 


[CBSE Marking Scheme 2018] 


Q. 2. (a) A small compass needle of magnetic moment 
‘m is free to turn about an axis perpendicular to 
the direction of uniform magnetic field ‘B'. The 
moment of inertia of the needle about the axis is 
‘I’. The needle is slightly disturbed from its stable 
position and then released. Prove that it executes 
simple harmonic motion. Hence, deduce the 
expression for its time period. 


(b) A compass needle, free to turn in a vertical plane 
orient itself with its axis vertical at a certain place 


on the earth. Find out the values of (i) horizontal 
component of earth’s magnetic field and (ii) angle 
[Delhi 2013] 


Ans. (a) Let magnetic needle is suspended in the uniform 


of dip at that place. 


external magnetic field B and making angle 0 with 
it and is slightly disturbed to oscillate in this field. 


As Magnetic moment M is directed along the axis 
of needle, torque t on the needle is 


t = MxB 
= MBsin 0 
We also know that 
t=la 


Where I is moment of inertia of needle and a 
angular acceleration 
Angular acceleration, 
9 
dt’ 

2 
= [ ee ae MB sin0 

dt’ 

(-ve sign implies that this torque is acting as 
restoring torque). 
Now if 0 is small then sin 0 = 0 


Hence, 


2 
So, I A = — MBO 

dt 

d20 -MB 

— = | —— |9 a 
Or AP | I J (2) 


This derived equation is similar to equation of 
simple harmonic motion, 


d’0 

= = 0 0 

dt 

MB 
where, o = — 
I 

Hence, proved that it executes simple harmonic 
motion. 
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2 (b) Horizontal component of earth's magnetic field H 
We know that eae = B cos0 
I I ae If needle orients itself with its axis vertical at a 
where, T is period of oscillation. . Š 
certain place on the earth then 0 = 90 
Putting the value of œ = Me H = Bcos 90° 
: So, H=0 1 
MB _ 2m Angle of dip = The angle that magnetic field make 
I T with horizontal line at that point. For a compass 
T needle aligned vertically at a certain place indicates 
T=27 vB 1 the angle of dip as 90°. 1 


TOPIC-2 


Magnetic field of a Solenoid, Earth's Magnetism 





Revision Notes 


Bar magnet as an equivalent solenoid 


> Ifa solenoid of length 21, radius a with current I having n number of turns per unit length, then the magnetic 


moment of solenoid, 


[Ho 2M 


M (= NIA), B= 
d? 





AT 





> Magnetic moment of a bar magnet is equal to magnetic moment of an equivalent solenoid that produces same 


magnetic field. 
Gauss' Law for Magnetic Fields 
> Gauss’ Law for magnetism applies to the magnetic flux through a closed surface. 
> Shows that no magnetic monopoles exist and total flux through closed surface will be zero. 
> The Gauss’s law for magnetic fields in integral form is given by 


p=[B.dA=0 


Earth’s Magnetism 
> Earth shows magnetic properties. This is evident from the following facts 
@ A freely suspended needle stays in north - south direction. 


@ Availability of neutral points. At neutral points, magnetic field due to suspended magnet is 
equal and opposite to the horizontal component of earth’s magnetic field. 


> The source of Earth’s magnetism is still undefined, though certain theories have good scientific 
justifications like ions revolving with earth. 


Characteristics of Earth’s Magnetism 


Scan to know 
more about 


this topic 


[s] WO 


[w]: 
Earth's Magnetic 
Field 





> Earth's south pole and north pole are defined by Sun's direction. These are known as geographical north and 
south poles. Magnetic north and south poles are the points where the magnetic needle becomes perpendicular 


to earth's surface. Hence, there are two system of directions. 


> Due to two system of directions, we can draw two meridians. (Plane joining geographic North and South pole is 


geographic meridian and plane joining magnetic North and South pole is magnetic meridian) 
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Elements of earth’s magnetic field 


> Angle of Declination : At any place on earth, the acute angle between magnetic meridian and the geographical 
meridian is called the angle of declination. 


> Angle of Dip: The angle of dip at any place is the angle between earth’s magnetic field intensity B with horizontal 
in the magnetic meridian at that place. 






Angle of declination 


Scan to know gle of dip aes Scan to a 
more about Earth's magnetic field eran 
this topic . this topic 

at a polnt oR 


Geographical meridian 
Elements of 
Earth’s Magnetic 
Field 


Declination & 
Dip 





Magnetic merdian 


> Horizontal Component of Earth’s Magnetic field : The horizontal component of Earth’s magnetic field H is in 
the horizontal direction in the magnetic meridian. 


By or H = Bcos 9 


By = Bsin 9 
Where 0 is angle of Dip, tan 0 = = 
H 


We find the earth's magnetic field B at any place by measuring its horizontal component. Hence, 


B- m By = Htan® 
cos@ 


> There is variation in magnetic field between place to place depending upon angle of Dip, angle of declination and 
horizontal component of earth, Hence, these are known as elements of Earth’s magnetic field. 


Know the Terms 


> Magnetic lines of force : The lines that are mapped out around the magnet. 
> Electromagnet: A magnet which attracts metals only when electrically activated. 


> Hysteresis : The intensity magnetisation (M) or magnetic induction (B) of the ferromagnetic substances lags 
behind the magnetising field H. The phenomenon is called hysteresis. 


Know the Formulae 


> = MxB 
> t = MBsin 0 
> > 
where, 9 is the angle between M and B. 
> Xm = Ne [Magnetisation, M = j 
H U 
Xm = H-1 
> æ 
T 
B 
> aes 
"OH 
> B = (H + M) 


z u (H + Xml) = Ho(1 + Xm) H 
> The force between two magnetic poles of strength M = q,, and m' = q',, separated by a distance r is given by 


E = Ho Imm 
An r? 
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Factors affecting the strength of electromagnets 
@ Nature of core material. 
e@ Strength of current passing through the core. 
e Number of turns of wire on the core. 
@ Shape and size of the core. 


A Objective Type Questions 


[ 133 


(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q. 1. A paramagnetic sample shows a net magnetization 
of 8 Am” when placed in an external magnetic 
field of 0.6 T at a temperature of 4 K. When the 
same sample is placed in an external magnetic field 
of 0.2 T at a temperature of 16 K, the magnetization 


will be 
32 2 
a) — Am! — Am! 
(a) = (b) š 
(c) 6 Am“! (d) 2.4 Am! 
[NCERT Exemplar] 
Ans. Correct option : (b) 


Explanation: According to the Curie’s law of 
magnetisation, the magnetic susceptibility for a 
substance is directly proportional to magnetic field 
induction (B) and inversely proportional to the 
absolute temperature (T). 





je 
T 
So that, 
1, _ Bal, 
I BT, 
Given, 
I, =8 Am™ 
B = 0.6 T 
T =4 K 
= 
=l 
B, =0.2 T 
T, =16K 


Put the values, 
_ BI, L= 0.22x8x4 _ 2 eo 


I St Ca Saa aS: 
` BT, ` 06x16 3 





Two identical thin bar magnets, each of length L 
and pole strength m are placed at right angles to 
each other, with the north pole of one touching the 
south pole of the other. The magnetic moment of 
the system is 


Q. 2. 


Ans. 





Sz 


` W 


Si4— N 
: L 


(a) V2 mL (b) V5 mL 


O (d) V3 mL 
mL 
Correct option : (a) 
Explanation : Let the pole strength of the system 
magnets be m and length N.S, 
But N,S, = /(N,S,)° + (N,S,) 
But N.S, = N,S, = L 
N, S = J +P 
=LV2 
Magnetic moment of thesystem is 
M=polestrengthxN,S, 
M=m.LV2 
= J2mL 


. The variation of magnetic susceptibility with the 


temperature of a ferromagnetic substance can be 
plotted as 





(d) 
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Ans. 


Ans. 


Correct option : (b) 


Explanation: Since the susceptibility of a 
ferromagnetic material gets reduced when the 
temperature is increased. If the temperature is 
increased above Curie's temperature, the nature of 
the material changes and it becomes paramagnetic. 


. At a certain place on the earth, B, = a Ry, the 


angle of dip at this place is given by 
(a) 60° (b) 30° 

(c) 45° (d) 90° 

Correct option : (a) 

Explanation : The ratio of the vertical component 
of magnetic field to the horizontal component of 


magnetic field equals to V3 ice. S = 3 
H 
According to the relation; Piz tan ô 


H 
Thus, on comparing both the equations, 


tan ô = V3 , and tangent function gives the value of 
v3 at the angle of 60° so the angle of dip is 60°. 


(II) FILL IN THE BLANKS 


Q.1. 


Ans. 
Q. 2. 


Ans. 
Q. 3. 


Ans. 


Magnetic moment developed per unit volume of 
a material when placed in a magnetising field is 


[R] 
that 


[R] 
Monopoles 


The angle between the geographic meridian and 
magnetic meridian at the given place is known as 


[RI 


Intensity of magnetisation 
Gauss's law in magnetism 
do not exist 


indicates 


magnetic declination 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. 


ñ 


Q.1. 


At a place, the horizontal component of earth's 
magnetic field is B and angle of dip is 60°. What 
is the value of horizontal component of the earth’s 
magnetic field at equator ? [R| [Delhi I, II, III 2017] 


Ans. 
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By = Brcos ó 1⁄2 
B = Brcos 60° 
= Br = 2B 
At equator ó = 0° 1⁄2 


A By = 2Bcos 0° = 2B 
[Alternatively, Award full one mark, if student 
doesn't take the value (= 2B) of Br, while finding 
the value of horizontal component at equator, and 
just writes the formula only.] 


[CBSE Marking Scheme 2017] 


Q. 2. Relative permeability of a material, u, = 0.5. 


Ans. 


Q.3. 


Ans. 
Q. 4. 


Ans. 


Ans. 


Short Answer Type Questions 


If magnetic monopoles existed, how would gauss 
law of magnetism be modified? [R] [SQP II 2017] 


Ans. Gauss law of magnetism describes that divergence 


of magnetic field will be zero while divergence 
of electric field is not zero which shows the non 
existence of magnetic monopole. As per Gauss 
law of magnetism, 


[B.ds=0. 1 


If monopole exists, then the right side will be 
equal to the monopole which is multiplied by uo. 
1 


[CBSE Marking Scheme 2017] 


Q.2. 


(b) 


Ans. 


Identify the nature of the magnetic material and 
write its relation to magnetic susceptibility. 


[Delhi Comptt. I, II, ITI 2014] 


Diamagnetic material 
u, = 1 

[CBSE Marking Scheme 2014] 
What is the value of the apparent angle of dip ina 
direction perpendicular to the magnetic material? 
90° 
Mention any two properties that the material 
should have for making the core of a transformer. 


R 


(i) The resistance should be less 


(ii) The torsional constant should be less 


. What happens to the magnetic field of the solenoid 


if a ferromagnetic material is inserted in a current 
Due to high permeability of the ferromagnetic 


material, the magnetic field inside the magnet gets 
increased to a great extent. 


carrying solenoid? 


(2 marks each) 





(a) An iron ring of relative permeability u, has 
windings of insulated copper wire of n turns per 
metre. When the current in the windings is I, find 
the expression for the magnetic field in the ring. 

The susceptibility of a magnetic material is 0-9853. 
Identify the type of magnetic material. Draw the 
modification of the field pattern on keeping a 
piece of this material in a uniform magnetic field. 


(R| [Delhi & OD, 2018] 
(a) Expression for Ampere's circuital law 1⁄2 
Derivation of magnetic field inside the ring 1⁄2 
(b) Identification of the material 1⁄2 


Drawing the modification of the field pattern 1⁄2 
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(a) From Ampere's circuital law, we have, 


$B ‘dl = Uol, Feodosia 
For the field inside the ring, we can write 
Badi = $Bdl =B-2nr 


i) % 


(r = radius of the ring) 
(2nrn)I 
using equation (i) 


Also, I 


enclosed ~ 


B-2nr = pou, (2rrn)I 


B = pop,nI 
ra 
[Award these 2 £ 2 marks even if the result is 
written without giving the derivation] 12 
(b) The material is paramagnetic. 1⁄4 


The field pattern gets modified as shown in the 
figure below. 


1⁄2 


[CBSE Marking Scheme 2018] 


Detailed Answer: 


(a) 


I I 
Apply Ampere’s Law for the magnetic 
field due to iron ring wounded by 
insulating copper wire, having current I, 


$B.al = u'x (current enclosed by closed path) 1 
or, BdlcosO°=u'x(nx2xr)xI 


or Bx2xrx1l=p'xnx2xrx! 


or, B=w' nl (i) 

But W: = ... (i) 
Hh, 

So, B=u,,nl 


This is the required expression for magnetic field. 

Where, u,— relative permeability, y) — permeability 

of free space, n — number of turns per unit length % 
(b 


— 


Given : susceptibility y = 0.9853 since susceptibility 
x given is +ve and less than unityiey%¥<+1 % 
= magnetic material is paramagnetic material. 
When the paramagnetic material is placed in 


the uniform magnetic field, then the modified 
magnetic field is shown in figure. 


[ 135 





Paramagnetic material ⁄ 
Q.3. Define the term magnetic susceptibility and 
write its relation in terms of relative magnetic 
permeability. 

(b) Two magnetic materials A and B have relative 
magnetic permeabilities of 0.96 and 500. Identify 

the magnetic materials A and B. 
[Delhi Comptt. 2018] 


Ans. (a) Definition and Relation y+ 
(b) Identification of A and B Y+ 
(a) Measure of the response of magnetic material to 


an external magnetic field. 2 
Also accept x= ka 
H 
We have x= W] 1⁄2 
(b) 0.96 : Diamagnetic 1⁄2 
500 : Ferromagnetic 1⁄2 


[CBSE Marking Scheme 2018] 


Q. 4. The given graphs show the variation of intensity 


of magnetisation I with strength of applied magnetic 
field H for two magnetic materials P and Q. 





(i) Identify the materials P and Q. 
(ii) For material P, plot the variation of intensity of 
magnetisation with temperature. Justify your 


answer. [CBSE SQP 2014] 
Ans. (i) P : Paramagnetic material 1⁄2 
(ii) Q : Ferromagnetic material 1 
I | 
— 
T 


In paramagnetic materials, I decreases with 


H 
temperature as, I < T” 


where, H is the magnetising field. 1 
[CBSE Marking Scheme, 2014] 
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Q. 1. Define the term magnetic moment of a current 
loop. Derive an expression for the magnetic field 
at any point along the axis of a solenoid of length 
2l, and radius a, and number of turns per unit 


length n. [Rl [Delhi Comptt. IT, ITI 2017] 
Ans. Definition of magnetic moment 1 
Derivation of expression of magnetic field. 2 


Magnetic moment of a current loop is equal to the 
product of current flowing in the loop and its area 
and its direction is along area vector as per the 
right handed screw rule. 1 


-> > 
Alternatively, M = A 1 





Using Ampere's circuital law 


| B.dl = pnh] V, 
Bh = Upnhl 
=> B = Uonl 1⁄2 


[CBSE Marking Scheme 2017] 


Commonly Made Error 


e Students get confused during deriving the magnetic 
field in solenoid. 


Answering Tip 
e Always go step by step during derivation. 


Detailed Answer: 





Magnetic moment M of a current loop is a vector 
with magnitude equal to the area of loop times the 
magnitude of current flowing in it, M = IA with 
direction perpendicular to the plane in which the 
current flows. Magnetic moment is considered as 
vector quantity having direction perpendicular to 
current loop as per right handed screw rule. 


Bar Magnet as an Equivalent Solenoid : 

The magnetic field lines for a bar magnet and a 
current carrying solenoid resemble very closely. 
Therefore, a bar magnet can be thought as a large 
number of circulating currents in analogy with a 
solenoid. 

Cutting a bar magnet in half is like cutting a 
solenoid. We get two smaller solenoids with 
weaker magnetic properties. The field lines remain 
continuous, emerging from one face of the solenoid 
and entering into other face. 


À Long Answer Type Questions-I 


(3 marks each) 


One can test this analogy by moving a small 
compass needle in the neighborhood of a bar 
magnet and a current carrying finite solenoid and 
noting that the deflections of the needle area similar 
in both the cases. 

To prove mathematically that magnetic field 
produced by a solenoid on any point on the axial 
line is same as that of a bar magnet. This analogy 
between bar magnet and solenoid can be shown by 
calculating the magnetic field at an axial point of 
solenoid which resemble to that of a bar magnet. 





Let i be current passing through a solenoid, a be the 
radius of solenoid, 21 be the length of solenoid and n 
be the number of turns per unit length of solenoid. 





Let P be the point at distance r from centre at which 
magnetic field is to be calculated. Consider a small 
element of thickness dx of the solenoid at a distance 
(x) from the centre O. 

Number of turns in the element = ndx 

The magnitude of the field at point P due to the 
circular element is given by. 


U1 ia*(ndx) 


dB = = <i) 


2| (r — x)” +a" iid 


If P lies at a very large distance from O, i.e., r > > >a 


andr > > > x, then [(r — x)2 + a??? = r° 
2 
dB = Poe aes ...Gi) 
2r 


Total magnetic field at point P due to current 
carrying solenoid. 


. 2 
_ Homa f ...(iii) 
B= i |: dx 





[.- Range of variation of x is from — I to + I] 


. 2 
1 Monia 
[x[ = sQ) 


_ U nia 


2r? 
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2 
= mo = ai ...(iV) 
Tr Tr 


If M is the magnetic moment of the solenoid, then 
M = Total number of turns x Current 
x Area of cross-section 
M = n(2l) x i X na? 
_ Yo 2M 


=> B= —— 
4r r? 


This is the expression of magnetic field on the axial 
line of a short bar magnet. 


The magnetic moment of bar magnet is thus equal 
to the magnetic moment of a equivalent solenoid 
that produces the same magnetic field. 3 


Q. 3. Define the following using suitable diagrams : 
(i) magnetic declination and (ii) angle of dip. In 
what direction will a compass needle point when 
kept at the (i) poles and (ii) equator ? 


[R] [Delhi I, II, III 2015] 
Ans. (i) Magnetic declination : Angle between the 
magnetic axis and geographical axis. 1⁄2 


Alternatively : Angle between magnetic meridian 
and geographical meridian. Vy 
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True North 





(ii) Angle of dip : It is the angle which the magnetic 
needle makes with the horizontal in the magnetic 


meridian. 1, 
Alternatively, 
The angle which the total magnetic field of the 
earth makes with the surface of the earth. yy 
Nis 
P 
> H. 


The direction of compass needle is vertical to the 
earth's surface at poles and is parallel to the earth's 
surface at equator. Va 


f Long Answer Type Questions-M emo 


Q. 1. (a) A long solenoid with air core has n turns 
per unit length and carries a current I. Using 
Ampere’s circuital law, derive an expression for 
the magnetic field B at an interior point on its axis. 
Write an expression for magnetic intensity H in 
the interior of the solenoid. 

(b) A (small) bar of material, having magnetic 
susceptibility x, is now put along the axis and near 
the centre, of the solenoid which is carrying a d.c. 
through its coils. After some time, the bar is taken 
out and suspended freely with an unspun thread. 
Will the bar orient itself in magnetic meridian if 
(i) x < 0 (ii) x > 1000? Justify your answer in each 
case. [CBSE SQP 2018-19] 


Ans. (a) Derivation H=nl 22 


The direction of His along the axis of the solenoid, 
directed along the direction of advance of a right- 
handed screw rotated along the direction of flow 
of current 1⁄2 
(b) (i) Not necessarily. % 
Reason : material is diamagnetic. After removal of 
magnetising field, no magnetization will remain 
in the material and hence earth's magnetic field 
will not affect it. E 
(ii) Yes 1⁄2 
Reason : The material is ferromagnetic. It will 
remain magnetised even after removal from 
the solenoid and hence align with magnetic 
meridian. 1⁄2 
[CBSE Marking Scheme 2018] 
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UNIT-IV_ aaa CHAPTER 
Electromagnetic 


Induction and 
Alternating 
Currents 





Syllabus 





> Electromagnetic induction; Faraday’s laws, induced emf and current; Lenz’s Law. 


> Eddy currents, Self and mutual induction. 


Chapter Analysis 


List of Concepts Name 2017 2018 2019 


| p |o | po 


Magnetic Flux and 
Faraday’s Laws 1 Q 1Q 
(2 marks) | (1 mark) 
Eddy Currents, Self and 1Q 
Mutual Induction and 1Q (2 marks) 1Q 1Q 1Q 
AC Generator (3 marks) 2Q (5 marks) (3 marks) | (5 marks) 
(3 marks) 





TOPIC-1 


Magnetic Flux and Faraday's Laws 





Revision Notes 


(a) Concept Notes 
Electromagnetic induction 
> Electromagnetic induction is the process of generating the electric 
current with a changing magnetic field. 
> It takes place whenever a magnetic field is changing or electric 
conductors move relative to one another when they are in fluctuating 
magnetic field. 


> The current produced by electromagnetic induction is more when the 


TOPIC - 1 
Magnetic Flux and Faraday’s Laws 

.... P. 139 
TOPIC - 2 


Eddy Currents, Self and Mutual 
Induction and AC Generator .... P. 149 


magnet or coil moves faster. When magnet or coil moves back and forth repeatedly, then alternating current is 


produced. 
Magnetic Flux: Scan to know 
more about 
> Magnetic flux through an enclosed area, is the number of magnetic field lines cutting through a this topic 


surface area A, defined by unit area vector. 
The unit of magnetic flux is weber, where, 1 Wb=1 T/m2. 


> 
> Magnetic flux (jp) is related to number of field lines passing through a given area. 
> 


If magnetic field is changing, the changing magnetic flux will be 6,= NBA cos 0, where 0isthe | Introduction to 


angle between magnetic field and normal to the plane. 





Electromagnetism 
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B perpendicular to A (0 =90°): 


B parallel to À (0= 0°) Bat an angle with the perpendicular to A: magnetic flux ó, = 0. 
magnetic flux 9, = BA. magnetic fluxd, = BAcos® 
Magnetic flux density 
> The change in magnetic flux per unit change in area is called magnetic flux density. 
> Magnetic flux is given by : dp = B.dA 
> 


For B parallel to dA , we have 
db = B(dA)cos 0° = B(dA) 


Therefore, B= ‘Xe .... (i) 
dA 


i.e., magnetic induction is equal to the magnetic flux density. In other words, the magnetic field may be measured 
in terms of magnetic flux density. From equation (i), we find : 


Unit of p= Unter 
Unit of dA 
Or T= had 
m 
Lë; Tesla = weber per square metre. 


Faraday's Laws of Electromagnetic Induction 
> The induced emf in a closed loop due to a change in magnetic flux through the loop is known as Faraday’s law. 
> Faraday’s First Law of Electromagnetic Induction states that whenever a conductor is placed in varying magnetic 
field, an emf is induced which is known as induced emf and if the conductor circuit is closed, current is also 
induced which is called alternating current. 
> Faraday’s Second Law of Electromagnetic Induction states that the induced emf is equal to the rate of change 
of flux linkage where flux linkage is the product of number of turns in the coil and flux associated with the coil. 
_ dy 
dt 


€ 


Qp is magnetic flux through the circuit and is represented as p = [Ba A 


With N loops of similar area in a circuit and g being the flux through each loop, emf is induced in every loop. 
Writing the formula for Faraday's law as 


Scan to know 
Ao more about 
£ = -N — this topic 


At 


where, £ = Induced emf [V], N = number of turns in the coil 
Ag= change in the magnetic flux [Wb], At = change in time [s] [m] rey 


Electromagnetic 


The negative sign indicates that £ opposes its cause. Saduetion 





> If there is no change in magnetic flux, no emf is induced. 
Induced emf and current 
> Achanging magnetic flux induces an electric field which induces a current in the circuit. 
> A wire moving in the field induces a current which acts same as current provided by a battery. 
> Changing magnetic flux and induced electric field are related to induced emf as per Faraday’s law. 
> The induced EMF in a conductor moving is related to the magnetic field as E = B.l.vsin 0 
Induced Current 
> When a conductor moves across flux lines, magnetic forces on the free electrons induce an electric current. 
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> When a magnet is moved towards a loop of wire connected to ammeter, ammeter shows current induced in the 
loop. 





> When a magnet is held stationary, there will be no induced current in the loop, even though the magnet is inside 
the loop. 





Motional Emf 
> The relationship between an induced emf £ in a wire or a conductor moving at a constant speed v through a 
magnetic field B is given by : 





bp = Blx 
ea EZ g) 
dt dt 
+ " 
dt 





> Aninduced emf from Faraday’s law is generated from a motional emf that opposes the change in flux. 
> Magnetic and electric forces on charges in a rod moving perpendicular to magnetic field is given as : 
At equilibrium 


[Here, E = us ] 
I 





Lenz's Law 
> Lenz’s law is used to determine the direction of induced magnetic fields, currents and emfs. 
> The direction of an induced emf always opposes the change in magnetic flux which causes the emf. 


www.jeeneetadda.in 


142 | 


> It explains the negative sign in Faraday’s flux rule, £ = 
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_ dos showing that the polarity of induced emf tends to 
dt 


produce a current that opposes the cause i.e. change in magnetic flux. 
> As per conservation of energy, induced emf opposes its cause, making mechanical work to continue with the 


process which gets converted into electrical energy. 


> Slide wire containing induced current, magnetic field and magnetic force : 


x 


x S| x 


xe 


x= Xx 


Electric Generators and Back Emf 






> x ° 
ž induced I 
x x x x —X 
° £ 


x® x x 7 P 


xx x x x 


x x 


J = Wood x 


> Electric generator rotates a coil in a magnetic field inducing an emf which is given as a function of time 


g = NBAG@sin (ot). 


— 
where, A = area of N-turn coil rotated at constant angular velocity œ in uniform magnetic field B . 


> The peak emf of a generator is, 


e) = NBAw 


> Any rotating coil produces an induced emf. In motors, it is known as back emf as it opposes the emf input to the motor. 


Know the Terms 


> Electric generator : Device for converting mechanical work into electric energy that induces an emf by rotating a 


coil in magnetic field. 


> Induced electric field : Field generated due to changing magnetic flux with time. 
> Induced emf: It is a short-lived voltage generated by a conductor or coil, moving in a magnetic field. 
> 


Magnetic damping : A process in which energy of motion is converted to heat by way of electric eddy currents 
induced in a coil that passes between the poles of a magnet. 


> Magnetic flux : It is the number of magnetic field lines which is measured through a given area. 
> Motional emf: Voltage produced by movement of conducting wire or a conductor in a magnetic field. 
> Peak emf: It is the maximum emf produced by a generator. 


Know the Formulae 


> > 
> Magnetic flux : On = | B.dA 
> Faraday’s law : = _ N 40m 

dt 
> Motional induced emf : g = Blv 


> Motional emf around a circuit : 


> emf produced by an electric generator 


—_— 


A Objective Type Questions 


(I) MULTIPLE CHOICE QUESTIONS 

Q.1. A square of side L meters lies in the x-y plane 
in a region where the magnetic field is given by 
B=B,(2i+3j+4k) Tesla, where B, is constant. 


The magnitude of flux passing through the square is: 


(a) 2B,L2Wb. (b) 3B,L2Wb. 
(c) 4B,L2Wb. (d) /29B,P. Wb 
[NCERT Exemplar] 


Ans. Correct option : (c) 


£ = PEdl = _ db, 


dt 


g = NBAsin ot 


(1 mark each) 





Explanation : Magnetic flux is defined as the total 
number of magnetic lines of force passing normally 
through an area placed in a magnetic field 


Square lies in x-y plane in B so A= Pk 
0=B.A 

= B,(2i +3) + 4k).(D k) 
=B[2xik+3x]k+4xk.k] 

= B,2[0+044] 

= 4B. Wb. 
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Q. 2. 


A cylindrical bar magnet is rotated about its axis in 
the figure. A wire is connected from the axis and 
is made to touch the cylindrical surface through a 
contact. Then : 





(a) a direct current flows in the ammeter A. 

(b) no current flows through the ammeter A. 

(c) an alternating sinusoidal current flows through 
the ammeter A with a time period 27/o. 


(d)a time varying non-sinusoidal current flows 
through the ammeter A. [NCERT Exemplar] 


Ans. Correct option : (b) 


Ans. 


Explanation : The phenomenon of electromagnetic 
induction is used in this problem. Whenever 
the number of magnetic lines of force (magnetic 
flux) passing through a circuit changes (or a 
moving conductor cuts the magnetic flux) an emf 
is produced in the circuit (or emf induces across 
the ends of the conductor) is called induced emf. 
The induced emf persists only as long as there is a 
change or cutting of flux. 

When cylindrical bar magnet is rotated about its 
axis, no change in flux linked with the circuit takes 
place, consequently no emf induces and hence, no 
current flows through the ammeter A. Hence the 
ammeter shows no deflection. 


. There are two coils A and B as shown in figure. A 


current starts flowing in B as shown, when A is 
moved towards B and stops when A stops moving. 
The current in A is counter clockwise. B is kept 
stationary when A moves. We can infer that : 

A B 


(a) there is a constant current in the clockwise 
direction in A. 

(b) there is a varying current in A. 

(c) there is no current in A. 

(d) there is a constant current in the counter 
clockwise directionin A. [NCERT Exemplar] 

Correct option : (d) 

Explanation: When coil A moves towards coil 

B with constant velocity, so rate of change of 

magnetic flux due to coil B in coil A will be 

constant that gives constant current in coil A in 

same direction as in coil B by Lenz’s law. 


. The magnetic flux linked with a coil (in Wb) is 


given by the equation : p = 5Ë + 3t + 16. The 
induced emf in the coil in the fourth second will 


be: 


Ans. 


[ 143 


(a) 10 V 

(c) 145 V 

Correct option : (a) 
Explanation : Given: Magnetic flux (0) = 5t? + 3t + 16. 


dọ 


induced e.m.f. |e] = r 


(b) 108 V 
(d) 210 V 


= = sp + 3t+16) = 10t+3. 
Therefore induced e.m.f., when t = 3, 
le,| =(10x3)+3=33 V 
and induced e.m.f. when 
t = 4, 8,| = (10 x 4) + 3 = 43 V. 
Therefore e.m.f. induced in the fourth second 
= le, | —|z,| = 43 -33 =10V 





Q.5. One conducting U-tube can slide inside another 


Ans. 


as shown in figure, maintaining electrical contacts 
between the tubes. The magnetic field B is 
perpendicular to the plane of the figure. If each tube 
moves towards the other at a constant speed v, then 
the emf induced in the circuit in terms of B, 1 and v, 


where | is the width of each tube, will be : 
a ‘me x By 
x x x x 
x K. X x 
x x V x 
x 
wex x x x CX 
(a) Blv (b) -Blv 
(c) zero (d) 2 Blv 
Correct option : (d) 
Explanation : Relative velocity = v — (~v) = 2w = M 
Now es Tops s [b = BA] 
dt dt 


Induced emf, e = 2Blv 


B= 20| 
dt 


Q. 6. A conducting circular loop is placed in a uniform 


Ans. 


magnetic field B = 0.020 T with its plane 
perpendicular to the field. The radius of the loop 
starts shrinking at a constant rate of 1.0 mm/s. Find 
the induced e.m.f in the loop at an instant when 


the radius is 2cm ? 
(a) 2ru V (b) zu V 
(c) = uV (d) 2uV 

2 


Correct option : (b) 
Explanation : Magnetic flux 0 = B.A 


= B. x 
Induced emf lel = = = Brar 
= 0.025 x m x 2 x 2 x 10°? x 1 x 103 


= muV 


Commonly Made Error 


e The students find some difficulty in deciding the 


dependent and the independent variable while 
differentiating the equation for flux. 
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Answering Tip 


e After the differentiation, the calculation error must 
be avoided while putting the values in the formula. 
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(ID FILL IN THE BLANKS 
Q. 1. In transformer, the core is made up of soft iron in 
order to pass the maximum š 


Ans. Magnetic Flux 

Q.2.An alpha particle is diverted towards west is 
deflected towards north by a field. The field 
is magnetic. The direction of the field will be 

Ans. Downward 

Q. 3. In electromagnetic induction, the induced e.m.f. 
in a coil is independent of of the 
circuit. R| 

Ans. Resistance 


(HI) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. In the figure given, mark the polarity of plates A 
and B of a capacitor when the magnets are quickly 
moved towards the coil. 


[O.D. Comptt. HI 2017] 


Ans. Accept both the answers : 
A: +ve; B; — ve 1 
or A : —ve; B; + ve 1 
[CBSE Marking Scheme 2017] 


Detailed Answer: 
Left face of the coil will act as North Pole and right 
face as South Pole so as to oppose the current 
induced in the coil. As seen from left, the direction 
of the current in the coil will be anticlockwise. 


That is, plate of the capacitor A will be positive and 
plate B will be negative. Upper plate is positive and 
lower plate is negative. 

Q. 2. A solenoid is connected to a battery so that a steady 
current flows through it. If an iron core is inserted 
into the solenoid, will the current increase or 
decrease ? Explain. [SOP II 2017] 


Ans. On inserting the iron core, the magnetic flux 
linked with the solenoid will increase and an 
induced e.m.f. will be produced. According to 
Lenz’s law, the induced e.m.f. will act in a manner 
so as to oppose the cause, which has produced 
it thereby opposing an increase in magnetic flux 
which happens due to decrease in current. 

OR 
As per Lenz’s law, direction of induced emf/ 
current in a circuit will oppose the cause which 
produces it. If an iron core gets inserted in a 
solenoid having current, it will increase the 
magnetic field as a result of magnetization of 
iron core which increases the flux. Hence, emf 
induced in the coil should oppose the flux 
increase which induces the current in the coil in 
the direction opposing the increasing magnetic 
field by decreasing the current. 

[CBSE Marking Scheme 2017] 


Commonly Made Error 


e Students make probable errors while applying the 
applications of Lenz’ law in questions. 


Answering Tip 


e Student should remember while answering the 
questions that current is to be marked in such a way 
to oppose the increase or decrease of flux. 





Q. 3. What are the directions of induced currents in metal rings 1 and 2 when current I in the wire is increasing steadily ? 


[O.D. Set I, IL, HI 2017] 
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Q. 4. Two spherical bobs, one metallic and the other of 
glass, of the same size are allowed to fall freely 
from the same height above the ground. Which of 
the two would reach earlier and why ? 


[Delhi I, II, HI 2014] 


Ans. Glass, 1, 
In glass, there is no effect of electromagnetic 
induction, due to the presence of the Earth’s 


magnetic field, unlike in the case of metallic bob.1⁄ 
[CBSE Marking Scheme 2014] 


Q. 5. A bar magnet is moved in the direction indicated 
by the arrow between two coils PQ and CD. Predict 
the directions of induced current in each coil. 


F Ë= Coy & i 
N S 
A A 
Ans. Clockwise in both coils or the direction of current is 
from P > Q and C > D. 1⁄, + 1⁄, 
Q. 6. How would you detect the presence of magnetic 
field on an unknown planet? [RI 


Ans. 


[ 145 


Aspacetraveller can detect the presence of magnetic 
field on an unknown planet by connecting the coil 
with the galvanometer and rotate the coil. This is 
because if magnetic field is present, there will be a 
change of magnetic flux on rotating the coil. So, an 
induced current will flow. 


Q. 7. Willan induced emf develop in a conductor, when 


Ans. 


Q.8. 


Ans. 


Å Short Answer Type Questions 


Q.1.A long straight current carrying wire passes 
normally through the centre of circular loop. If the 
current through the wire increases, will there be 


an induced emf in the loop ? Justify. 
[R| [Delhi I, II, III 2017] 


Ans. No, 1, 


As the magnetic field due to current carrying 
wire will be in the plane of the circular loop, so 
magnetic flux will remain zero. Vr 


Alternatively, 


[Magnetic flux does not change with the change 
of current.] 1 


[CBSE Marking Scheme 2017] 


Detailed Answer : 
No, there will not be an induced emf in the loop 
as magnetic flux doesn’t change linked with the 
circular loop because magnetic field lines are 
parallel to the plane of the loop. 


a I 


As, induced emf (e) is proportional to the rate of 
change of magnetic flux (pp) 


g = B-A = BAcos 8 
B LA => 0, = BAcos 90° = 0 


and 


Here, 


moved in a direction parallel to the magnetic field? 


No, because the magnetic flux linked with the 
conductor does not change when it is moved 
parallel to the magnetic field. Moreover, the 
magnetic Lorentz force on the free electrons of the 
conductor is zero, so no emf is induced across the 
ends of the conductor. 


Does the change in magnetic flux induce emf or 
current? 


The change in magnetic flux always induces an 
emf. However, the current is induced only when 
the circuit is closed in case of electromagnetic 
induction. 


(2 marks each) 


So, induced emf = 0 


Hence, a change in current will not create any emf 
in the loop. 


Q. 2. A rectangular frame of wire is placed in a 


uniform magnetic field directed outwards, normal 
to the paper. AB is connected to a spring which is 
stretched to A’B’ and then released at time f = 0. 
Explain qualitatively how induced e.m.f. in the 
coil would vary with time. (Neglect damping of 
oscillations of spring) [CBSE Comptt. I 2018] 


oCo o o o o 





Ans. SHM nature of oscillation of the wire AB 1; 


Expression for instantaneous magnetic flux 1⁄2 
Expression for instantaneous induced emf 1⁄2 
Qualitative explanation Y 
The wire AB would oscillate in a simple harmonic 
way 1⁄2 


We can write 


x = —acos wt 
as x=-aatt=0 
Therefore Instantaneous magnetic Flux V2 
o(t) = Blx (I = AB) 
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Instantaneous induced emf 


e(t) = a = aBlmsin ot 1⁄2 


The induced emf, therefore varies with time 
sinusoidally. 1⁄4 


[CBSE Marking Scheme 2018] 
Q. 3. A metallic rod of length ‘L’ is rotated with 
angular frequency of ‘@ with one end hinged at 
the centre and the other end at the circumference 
of a circular metallic ring of radius R, about an 
axis passing through the centre and perpendicular 
to the plane of the ring. A constant and uniform 
magnetic field B parallel to the axis is present 
everywhere. Deduce the expression for the emf 
between the centre and the metallic ring. 
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Ans Š x x x x x x x x >Ç 





1 
The magnitude of the emf, generated across a 
length dr of the rod, as it moves at right angles to 
the magnetic field, is given by 
de = Bodr 
Therefore, 


BOR? 





g£ = JE. xz = lea 
0 0 


À Long Answer Type Questions-l (3 marks each) 


Q. 1. State Lenz’s law. Explain, by giving examples that 
Lenz's law is a consequence of conservation of 
energy. [Delhi Comptt I, II, HI 2017] 


Ans. Statement of Lenz’s Law 1 
Explanation (with example) 2 
[CBSE Marking Scheme 2017] 
Detailed Answer : 
Statement: The polarity of induced emf is such that 
it tends to produce a current which opposes the 
change in magnetic flux that produced it. 
Explanation : (oy 
P 
(a) 
= (b) 1 
When the north pole of a bar magnet is pushed 
towards the close coil, the magnetic flux through 
coil increases and the current is induced in the coil 
in such a direction that it opposes the increase in 
flux. This is possible when the induced current 
in the coil is in the anticlockwise direction. The 
opposite will happen when the north pole is moved 
away from the coil. y 
In either case, it is the work done against the force of 
magnetic repulsion/attraction that gets ‘converted’ 
into the induced emf. 1⁄2 
Q. 2. A metallic ring of mass m and radius 7 is falling 
under gravity in a region having a magnetic field. 
If z is the vertical direction, the z-component 
of magnetic field is B, = B, (1 + Az). If R is the 
resistance of the ring and if the ring falls with a 


velocity v, find the energy lost in the resistance. 
If the ring has reached a constant velocity, use the 


conservation of energy to determine v in terms of 
m, B, À and acceleration due to gravity g. 


[UJ [CBSE SOP 2016] 
Ans. Rate of change of flux = aq = (ml) BoA dz 
dt dt 
= Ji lf, 
U 
I = (nA) Ba is 1⁄2 


2 
Energy lost per second = P R = (TPY Bọ = 1⁄2 


Rate of change in P.E. = mç = = mgu 1⁄4 
y2 
mgo = (TP À) By R 1⁄2 
mgR 


oao ee 1⁄4 
(TA Bo 


[CBSE Marking Scheme 2016] 


Q. 3. Figure shows a metallic rod PQ of length 
l, resting on the smooth horizontal rails AB 
positioned between the poles of a permanent 
magnet. The rails, the rod, and the magnetic field 
are in three mutual perpendicular directions. A 
galvanometer G connects the rails through a switch 
K. Assume the magnetic field to be uniform. Given 
the resistance of the closed loop containing the rod 
is R. 
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(i) Suppose K is open and the rod is moved with a 
speed v in the direction shown. Find the polarity 
and magnitude of induced emf. 

(ii) With K open and the rod moving uniformly, there 
is no net force on the electrons in the rod PQ even 
though they do experience magnetic force due to 
motion of the rod. Explain. 

(iii) What is the induced emf in the moving rod if the 
magnetic field is parallel to the rails instead of 
being perpendicular ? 

[CBSE SQP 2017-18] [NCERT Exemplar] 


Ans. (i) 
P is positive end 
Q is negative end 1 
(ii) Magnetic force gets cancelled by electric force that 
generates due to extra charge of opposite sign at 


|e] = Bol 


rod ends. 
(iii) Induced emf is zero as motion of rod not cutting 
field lines 1 


[CBSE Marking Scheme 2017] 


Q. 4. The magnetic field through a single loop of wire, 
12 cm in radius and 8.5 Q resistance, changes with 
time as shown in the figure. The magnetic field 
is perpendicular to the plane of the loop. Plot 
induced current as a function of time. 


B(T) —> 





0 t ; 6.0 
t(s) —— 


[CBSE SQP 2015] 
Ans. € = — a 
at 
=- nR? x a 
dt 
= -22 0.12)? < 1 
7 2 
g = —0.023 V 
day’ Ee 
R 


= — 2.7 mA for 0<t<2s. 1 





Q.1. 


(i) State Faraday’s laws of electromagnetic 
induction. 

(ii) The magnetic field through a circular loop 
of wire 12 cm in radius and 8°5 Q resistance, 
changes with time as shown in the figure. The 
magnetic field is perpendicular to the plane of 
the loop. Calculate the induced current in the 
loop and plot it as a function of time. 


Å Long Answer Type Questions-ll 


Similarly : 








I I I 
I I I 
+ I I I 
(mA) I I I I 
foo} C! `! 
I I I I 
I I I I 

O! 210 4'0 610 1 

-14 | I I t — 

I I I 
Boyer | 
K]: !' ! 
-3 I I 
I I 


-4 


Q. 5. A rectangular conductor LMNO is placed in a 
uniform magnetic field of 0.5 T. The field is directed 
perpendicular to the plane of the conductor. 





x x 

x x 

x x 
I 

x x 

x x 

x x 


When the arm MN of length of 20 cm is moved 
towards left with a velocity of 10 ms, calculate 
the emf induced in the arm. Given the resistance 
of the arm to be 5 Q (assuming that other arms 
are of negligible resistance) find the value of the 
current in the arm. 


Ans. Let ON be at some point x. 


The emf induced in the loop = £ 
dt dt 


=05x02x10=1V 1 


Blv 1 


.. Current in the arm, 


=0.2A 1 


l= 


Ai| 
ole 


(5 marks each) 





www.jeeneetadda.in 


148 | 


(iii) Show that Lenz’s law is a consequence of 
conservation of energy. [R| [Foreign I, II, III 2017] 


Ans. (i) Faraday’s Laws of Electromagnetic Induction : 
Faraday’s First Law of Electromagnetic Induction 
states that whenever a conductor is placed in 
varying magnetic field emf is induced which is 
known as induced emf. If the conductor circuit 
is closed current is also induced which is called 
induced current. 


Faraday’s Second Law of Electromagnetic 
Induction states that the induced emf is equal 
to the rate of change of flux linkage where flux 
linkage is the product of number of turns in the 
coil and flux associated with the coil. 


sells 
dt 


€ 


> > 
€g is magnetic flux through the circuitas $> = f B .dA 


With N loops of similar area in a circuit and Q, 
being the flux through a loop, then emf is induced 
in every loop making Faraday law as 
ë£=-N 
At 
where, £ = Induced emf [V], 
N = number of turns in the coil 
Ao = change in the magnetic flux [Wb], 
At = change in time [s] 2 
° The negative sign means that £ opposes its cause. 
(ii) Try yourself similar Q. 4 of Long Answer Type 


Questions-I 2 
(iii) Try yourself similar Q. 1 of Long Answer Type 
Questions-I 1 


[CBSE Marking Scheme 2017] 


Q. 2. (i) A metallic rod of length l is moved perpendicular 
to its length with velocity v in a magnetic field B 
acting perpendicular to the plane in which rod 
moves. Derive the expression for the induced emf. 


(ii) A wheel with 15 metallic spokes each 60 cm long, 
is rotated at 360 rev/min in a plane normal to the 
horizontal component of earth’s magnetic field. 
The angle of dip at that place is 60°. If the emf 
induced between rim of the wheel and the axle 
is 400 mV, calculate the horizontal component of 
earth’s magnetic field at the place. How will the 
induced emf change, if the number of spokes is 
increased ? [O.D. Comptet. I, II, HI 2017] 


Ans. (i) Derivation of induced emf 2% 
(ii) Numerical 2% 
[CBSE Marking Scheme 2017] 


Detailed Answer : 


(i) x x x x 
x x x x 
x x x x 
x x x x i 
U 
x x xiI x 
x x x x 
x x x x 
x x x x 
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Op = Blx 1⁄, 
o on 
= -B1 1⁄, 

= Blv -2 = J Y, 

dt 

ws 21 r 
(ii) @ = 360 x a =12n rad/s % 
€ = + Bylo yy 


400 x 10° = By x (60x10)? x127 14 


5 
= —=0.06 T 1 
Bu 277 e 
There will not be any change in emf if the number 


of spokes is increased. 1⁄2 


Q.3.A metallic rod of length / and resistance R is 


rotated with a frequency v, with one end hinged at 
the centre and the other end at the circumference 
of a circular metallic ring of radius I, about an axis 
passing through the centre and perpendicular 
to the plane of the ring. A constant and uniform 
magnetic field B parallel to the axis is present 
everywhere. 


(i) Derive the expression for the induced emf and the 
current in the rod. 

(ii) Due to the presence of the current in the rod and 
of the magnetic field, find the expression for the 
magnitude and direction of the force acting on this 
rod. 


(iii) Hence obtain the expression for the power 
required to rotate the rod. 


[O.D. Comptt. I, II, HI 2014] 
Ans. (i) In one revolution 
dA = mË 
<. Change of magnetic flux 
dob= B.dA = B.dAcos 0° 


Change of area, 








= Bri? 1⁄ 
(a) Induced emf, e = Bri’/T = Brl*v 1⁄2 
2 
(b) Induced current in the rod, I = = BNE! 1 
R R 
(ii) Force acting on the rod, F = IIB % 
213 
7 n l 14 


The external force required to rotate the rod 
opposes the Lorentz force acting on the rod/ 
external force acts in the direction opposite the 
Lorentz force. VE: 
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(iii) Power required to rotate the rod 1⁄2 paredar E€ 
Power = Force x velocity R 
P = F x 1 
; j Bri*v i 
P= ne XV 1⁄2 © R 
R 
[CBSE Marking Scheme, 2014] (1) Pee 
Detailed Answer : _ Bri*v IB 
(i) In a revolution, change in Area = nl’ © R 
Given, Magnetic field = B T 
AS _ Bra 
db = B-dA = 5 1 
dọ = B-rl* cos 0° 
ia Ae ae š According to law, the external force acts in the 
Now induced eat = direction opposite toe lorentz force. 
Í em 
do (iii) Power = Force x velocity 
° dt B? xv `. 
Bri? —_ 
Or € = T 
1 nvB*l°v 5 
d T FR 
an r V 
e = Brv 1 


TOPIC-2 


Eddy Currents, Self and Mutual Induction and 
AC Generator 





Revision Notes 
Eddy Currents 


> Current loops induced in moving conductors are called eddy currents. They can create significant drag, called as 
magnetic damping. 
> Eddy currents give rise to magnetic fields that oppose any external change in the magnetic field. 


> Eddy currents are induced electric currents that flow in a circular path : 





Induced current 










A pulling force is 
needed to balance 
the magnetic force 
on the induced 
current. 


No force is needed to 
pull the loop when 
the wires are outside 
the magnetic field. 


> Eddy currents flowing in a material will generate their own secondary magnetic field that opposes the coil’s 
primary magnetic field. 
Mutual Induction 
> The production of induced emf in a circuit, when the current in the neighbouring circuit changes is called mutual 
induction. 


When the circuit of the primary coil is closed or opened, deflection is produced in the galvanometer of the 
secondary coil. This is due to the mutual induction. 
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> The mutual induction between two coils depends on the following factors : 
e The number of turns of primary and secondary coils. 
e The shape, size or geometry of the two coils. i.e., the area of cross-section and the length of the coils. 
Coefficient of mutual induction : 


> Suppose, the instantaneous current in the primary coil is I. Let the magnetic flux linked with the secondary coil 
be 9. It is found that the magnetic flux is proportional to the current. i.e., 


e<l or Q = MI ...(i) 
where, M is the constant of proportionality. It is called coefficient of mutual induction. 
The induced emf e in the secondary coil is given by 


= — + dt ...(ii) 


The negative sign is in accordance with the Lenz’s law t.e., the induced emf in the secondary coil opposes the variation 
of current in the primary coil. 


Taking magnitude of induced emf the equation (ii), we find 





€ 
M= AD 
. V _1 
Therefore, Unitof M = "EE = VAs 
S 


If ni, n, be the number of turns per unit length in primary and secondary coils per unit length and r be their 
radius, then 


coefficient of mutual inductance is given as 
M = pn nr’l 
Self-Induction : 
> The production of induced emf in a circuit, when the current in the same circuit changes is known as self- 
induction. 


Suppose the instantaneous current in the circuit is I and if the magnetic flux linked with the solenoid is 9, then it 
is found that : 

o<I ord =LI ...(i) 
where, L is the constant of proportionality. It is called coefficient of self-induction. 
The induced emf e in the coil is given by 


£ = AE ee ...(ii) 
dt dt 
The negative sign is in accordance with the Lenz’s law że., the induced emf opposes the variation of current in the coil. 
Taking the magnitude of the induced emf from the equation (ii), we find : 
L =e/(dlI/dt) ... (Hi) 
Then, the coefficient of self-induction is the ratio of induced emf in the circuit to the rate of change of the current 
in the circuit. 
Unit of L : The unit of self-induction is also called henry (symbol H). 
From equation (ii), we find that if dI/dt =1As''ande = 1 V, 
then L = 1H > Unit of H = VA's 
> Ifa rod of length / moves perpendicular to a magnetic field B with a velocity v, then the induced emf produced 
across it, is given by 
€ = vBl 
g = Blv sind 
> Ifa metallic rod of length / rotates about one of its ends in a plane perpendicular to the magnetic field, then the 
induced emf produced across its ends is given by 


o — Bol _ Banfi” _ 
2 2 
Here, œ = angular velocity of rotation, A = nl? = area of circle and f = frequency of rotation. 
> Inductance in the electrical circuit is equivalent to the inertia (mass) in mechanics. 
> When a bar magnet is dropped into a coil, the electromagnetic induction in the coil opposes its motion, so the 
magnet falls with acceleration less than that due to gravity. 
> The inductance of a coil depends on the following factors : 
e area of cross-section, 
e number of turns 
e permeability of the core. 
Wb Vs | 
A A 


In general, we have, 





> Unit of induction, H = = Q.s 
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> The self inductance of a circular coil is given by : 





2nNI 
L = $ BAN _ po (20ND, ayy k 
I I & rl 4n r 
2 2 
p = HON? 4 HoN? a 
ar ar 
2 
or | = HoN ar 
2 
The self inductance of a solenoid of length l is given by 
peie BAN (vail) AN poll 
I I Wd l l 
2 
Or L = BoA = ugn? Al = pon? V [n2] 


Here, n = N/l = number of turns per unit length and V = Al = volume of the solenoid. 
If two coils of inductance L, and L, are coupled together, then their mutual inductance is given by 


M = k uL,L, 
where, k is called the coupling constant. 
The value of k lies between 0 and 1. 
For perfectly coupled coils, k = 1, it means that the magnetic flux of primary coil is completely linked with the 
secondary coil. 
Eddy currents do not cause sparking. 


If a current I is set up in a coil of inductance L, then the magnetic field energy stored in it is given by 


u, = Lip 
2 


m 


AC Generator 
> It converts mechanical energy into electrical energy. 
> Itis based on the principle of mutual induction. It has mainly three components : 


© Rotator Coil : It can rotate about an axis on a shaft. 
@ Stator Coil : It provides magnetic field. 


© Commutator : It is pair of slip rings and carbon brushes. It will facilitate flow of current between moving coil 
and stationary circuit. 


g = B.Acos 0 or BAcos wt (0 = wt) 
d 
The induced emf is given by = me 
; = _NA(BAcosat) “more about’ 


dt this topic 


g = NBA0 sin ot 
Maximum value of emf, £o = NBA œ 
(when sin œt = 1) 





€ = gosin cot AC Generator 
£ Axle 





Coil 


Alternating emf 





Carbon 
brushes 
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Know the Terms 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


> Back emf: The emf generated by a running motor due to coil that turns in a magnetic field which opposes the 


voltage that powers the motor. 


> Inductor: It is a device used to store electrical energy in the from of magnetic field when electric current flows. 


> emf produced by an electric generator : 


Know the Formulae 


> For Self Induction 


> For Mutual Induction £ = 
> The inductance in series is given by E; 
> The inductance in parallel is given by 
> Mutual Inductance of two coils is given by 
M 


where, p is the permeability of fee space (4x x 107) 


u, is the relative permeability of the soft iron core. 
Ns is number of turns is secondary coil. 
Np is number of turns is primary coil. 
Ap is the cross-sectional area of primary coil in m’. 
Ag is the cross-sectional area of secondary will in m 
I is the coil current. 

> For A.C. Generator £ = €,sinwt or £ = go sin2nvt 


2 


) Objective Type Questions 


— 


g = NBAasin (ot) 


= d0 _ dl 
d dt 
ay me 
dt dt 

= L, + L, + L, +.... 
1 1 1 
—+— +a... 
Ly L, Ls 


= HoH, NpNsâp — HoH, NpNsâs 


Ip Ip 


(1 mark) 





(D MULTIPLE CHOICE QUESTIONS 


Q. 1. If the number of turns per unit length of a coil of a 
solenoid is doubled, its self induction will 
(a) remain constant (b) be doubled 
(c) be halved (d) be four times 
Ans. Correct option : (d) 
Explanation : The self inductance of coil or solenoid 
is given by 
L = pon2Al 
where uo is permeability of free space, n is number 
of turns per unit length of a coil, A is cross sectional 
area of coil and l is length of coil. 
If A and l are constant terms then, inductance is 
directly proportional to square of number of turns. 
According to question, the number of turns in a 
coil is doubled without any change in inductance 
lending of the coil. So, inductance of coil becomes 
four times. 
Q. 2. Two coils are placed close to each other. The mutual 
inductance of the pair of coils depends upon 
(a) the rates at which currents are changing in the 
two coils 
(b) relative position and orientation of the two 
coils 
(c) the materials of the wires of the coils 
(d) the currents in the two coils 


Ans. Correct option : (b) 
Explanation : Since the mutual inductance depends 
only on the geometry of the coils. Whenever the 
current passing through the coil or circuit changes, 
the magnetic flux linked with neighboring coil or 
circuit will also change. 


Commonly Made Error 


e The students are not clear with the concept of 
mutual induction and its role in developing an emf 
in the neighboring coil. 


Answering Tip 


e The students must take care of all the factors on 
which the mutual induction depends. 





Q. 3. A coil of wire of a certain radius has 100 turns and 
a self inductance of 15 mH. The self inductance of 


a second similar coil of 500 turns will be: 
(a) 75 mH (b) 375 mH 
(c) 15 mH (d) none of these 


Ans. Correct option : (b) 
Explanation : Self inductance of a coil of wire = 


2 
pa 
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As the number of turns become 5 times, the self 
inductance must become 25 times of the initial 


value. 
Thus new self inductance= 25 x 15 mH = 375 mH 
(II) FILL IN THE BLANKS 
Q.1. Currents that flow in circles inside a disc are 
known as 


Ans. eddy currents 
Q. 2. 

current losses 
Ans. Air Core 
Q. 3. Eddy currents are induced in solid metallic masses 


when the magnetic flux threading through them 


as inductor will have the least cay 


Ans. changes 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. An iron-cored solenoid has self-inductance 2.8 
H. When the core is removed, the self inductance 
becomes 2 mH. What is the relative permeability 
of the core used ? [Delhi Comptt I, IL, II 2017] 


Ans. Relative permeability 


s4 
H, m 
i. = 2-8 3 if, 
2:0 x10 
= 1400 % 


[CBSE Marking Scheme 2017] 


Q. 2. A metallic piece gets hot when surrounded by 
a coil carrying high frequency alternating current. 


Why ? [Delhi Comptt. L II, III 2014] 


Å Short Answer Type Questions 


Q. 1. A light bulb and a solenoid are connected in 
series across an ac source of voltage. Explain, how 
the glow of the light bulb will be affected when an 
iron rod is inserted in the solenoid. 


[Foreign I, II, IHI 2017] 


Ans. Effect on brightness VY; 
Explanation 1⁄2 
Brightness decreases 1⁄2 
Explanation Self inductance of solenoid 


increases; this increases the impedance of the 
circuit and hence current decreases. J 
(Even student just writes self inductance increases, 
award this 1 mark.) 
[CBSE Marking Scheme 2017] 
Detailed Answer : 
(i) Brightness will decrease when an iron rod is 
inserted in the solenoid. 
(ii) When aniron rod is inserted in the solenoid, the iron 
rod will cut the magnetic field lines of an inductor, 
so as per Kirchhoff’s and Faraday’s Laws, cutting of 
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Ans. Due to the heating effect of eddy currents set up 
in the metallic piece. 
[CBSE Marking Scheme 2014] 1 


Q. 3. A train is moving with uniform speed from north 
to south. (i) Will any potential difference be 
induced between the ends of its axle? (ii) Will the 
answer be affected if the train moves from east to 


west? 


Ans. (i) Yes, emf will appear because the axle is 
intercepting the vertical component of the 
earth’s magnetic field. 


(ii) No, here also the axle intercepts the vertical 
component of the earth’s magnetic field, so the 
emf is induced across the ends of the axle 


Q. 4. A cylindrical bar magnet is kept along the axis of a 
circular coil. Will there be a current induced in the 
coil if the magnet is rotated about its axis? Give 
reasons. 


Ans. No, because the magnetic flux linked with the 
circular coil does not change when the magnet is 
rotated about its axis 


Q.5. A solenoid with an iron core and a bulb is 
connected to a d.c. source. How does the brightness 
of the bulb change when the iron core is removed 
from the solenoid? [R] 


Ans. The brightness of the bulb remains unchanged 
because inductive reactance in a d.c. circuit is zero. 


(2 marks each) 


magnetic field will tend to induce a current inside 
the inductor which opposes the direction of it's 
cause. So when the current is being induced by the 
moving rod, it opposes the flow of existing current 
in the circuit, causing the bulb's brightness to go 
down as there is less current passing through it. 

Q. 2. Define self-inductance of a coil. Show that 
magnetic energy required to build up the current 


I in a coil of self-inductance L is given by 3 Lr. 


[RI [Delhi I, II, III 2014] 


Ans. Self-Inductance is the property by which an 
opposing induced emf is produced in a coil due to 
a change in current, or magnetic flux, linked with 
the coil. 

OR 

Self-inductance of a coil is numerically equal to 
the flux linked with the coil when the current 
through the coil is 1 A. 
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OR 
Self-inductance of a coil is equal to the induced 
emf developed in the coil when the rate of change 
of current in the coil is one ampere per second. 1 
Energy stored in an inductor : 
Consider a source of emf connected to an inductor 


. di 
= Li — dt 
dt 
= Lidi 
Hence the total amount of work done (by the 
source of emf) when the current increases from its 


initial value (i = 0) to its final value (J) is given by 


L. As the current starts growing, the opposing I I ;2 I ie 
: = PR 4s — ey S ut 
induced emf is given by W l. L ai L 2 | > Y2 
di 
ot at Z This work done gets stored in the inductor in the 
I form of magnetic energy. 

If the source of emf flows a current 7 through the 
inductor for a small time dt, then the amount of s, U = 1 LP 
work done by the source, is given by 2 

dW = |e]ļidt [CBSE Marking Scheme 2014] 


Å Long Answer Type Questions-l (3 marks each) 


Q. 1. Define mutual inductance between a pair of coils. 


Let a current i, flow in the secondary coil 
Derive an expression for the mutual inductance of 


two long coaxial solenoids of same length wound I k = Lo Noi 7 

one over the other. ‘Ri [O.D. I, IL III 2017, 2014] x z i i 
Ans. Definition of mutual inductance 1 ~. Flux linked with the primary coil 

Derivation of mutual inductance for two long N.N, Ai 

solenoids 2 — Hole 

(i) Mutual inductance, is numerically equal to the l 

induced emf in the secondary coil when the = Mpi» 1⁄4 

current in the primary coil changes by unity. 

Alternatively, 

— HoN N14;-A 

Mutual inductance in numerically equal to the Hence, My = ee 

magnetic flux linked with one coil/secondary coil 

when unit current flows through the other coil/ = HononiA11 


primary coil. 1 


Ny N3 
(i) G 
[CBSE Marking Scheme 2017] 
Q.2. Define self-inductance of a coil. Obtain the 
ly expression for the energy stored in an inductor L 
connected across a source of emf. 

[R] [O.D. LIL TT 2017] 

Ans. Try yourself, Similar to Q. 2, Short Answer Type 
Questions 3 

[CBSE Marking Scheme 2017] 





m turns 


Detailed Answer : 


= 


ron SIP inductance of acol _ 





en = hal = =s 
< dt 


——— L : 
eee < os a — á wanana — e eae ——————————— 
ul; iti Z S SNN 
A’ Self encluctance si acartog _ 
| SW. rc >C. O ` + À 
a i defenec os the erof cen c 
: lLaceots a co Cl eohen oq e nt ' 
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[Toppers Answer 2017] 
Q.3. The current through two inductors of self- m: L= % H L = 5 mH 
inductance 15 mH and 25 mH is increasing with Jae 
time at the same rate. Draw graphs showing the | 
variation of the : 
(i) emf induced with the rate of change of current x 
(ii) energy stored in each inductor with the current 
flowing through it. 
Compare the energy stored in the coils, if the 
powers dissipated in the coils are same. [y 
[O.D. Comptt. II 2017] A r 
Ans. Graph of emf y2 ui ead, TA 
Graph of energy stored 1⁄2 u, 1 Li 
Ratio of energy stored 2 2 
(i) sl But £i = Sol ⁄ 
= (.- power dissipated is same) 
i ote 12 
Í t & L 
J (L = 16 mi A seemed © = = 
` dt dt 


II (L = 25 mH) 
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2 
U ajh 
U, L| L 
i, 55 


— = 1:67 1 
L, 15 2 


[CBSE Marking Scheme 2017] 


Q. 4. (i) Define mutual inductance. 
(ii) A pair of adjacent coils has a mutual inductance 
of 1.5 H. If the current in one coil changes from 0 
to 20 A in 0.5 s, what is the change of flux linkage 
with the other coil ? [Rİ [A] [Delhi I, II, HI 2016] 
. (i) Magnetic flux, linked with the secondary coil 


due to the unit current flowing in the primary coil, 
D» = MI, 1 





An 


ie) 


[Alternatively, 
Induced emf associated with the secondary coil, for a 
unit rate of change of current in the primary coil. 

dl, 


amar” 


] 1 
[Also accept the definition of Mutual Induction, as 
per the Hindi translation of the questions] 

[i.e., the phenomenon of production of induced emf 
in one coil due to change in currentin neighbouring 


coil] 
(ii) Change of flux linkage 
dọ = Mal 1 
= 1.5 x (20-0) Wb 
= 30 weber 


[CBSE Marking Scheme, 2016] 
Detailed Answer : 
(i) Try yourself, Similar to Q. 1 (a), Long Answer Type 
Questions-I 
(ii) Given : 
Mutual inductance of a pair of coils, u = 1.5 H 


Initial current, L =0A 
Final current L =20A 
Change in current will be : 

Al =1,-1, 

20-0 =20A 

and we know, 

Ad = MAI, 
where, 
Ad is change in magnetic flux 

Ad = 1:5 x 20 

= 30 Wb 


Hence, change in the flux linkage will be 30 Wb. 
Q.5. The current flowing through an inductor of self- 
inductance L is continuously increasing. Plot a 
graph showing the variation of 
(i) Magnetic flux versus the current 
(ii) Induced emf versus dI/dt 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


(iii) Magnetic potential energy stored versus the 
[Delhi I, II, HI 2014] 


Ans. (i) Magnetic flux versus current : 


see f 


Current — 1 


current. 


(ii) Induced emf versus 7 


Induced 
emf 


Alternatively, 


induced 
emf 


When Lis increasing at constant rate. 1 
(iii) Magnetic energy stored versus the current : 


Š iir 
Ri 
energy 
stored Current ——s 


[CBSE Marking Scheme m: 


Q. 8. Derive the expression for the magnetic energy 
stored in a solenoid in terms of magnetic field 
B, area A and length / of the solenoid carrying a 
steady current I. How does this magnetic energy 
per unit volume compare with the electrostatic 
energy density stored in a parallel plate 


capacitor ? 
Ans. Rate of work done, 
dW _ eli 
a ejz 
dI 
dW = | LI — 1 

| dt j 6 

dW = LI dl 


Total amount of work done, 
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jaw = |Ltal 
w =1 r 1⁄4 
2 
For the solenoid : 
Inductance, L = pọn?Al; also B = Ugnl 1⁄2 
W = U, = > LI 1⁄4 


2 
ee ren eee 
ae (gn Al) 


Q. 1. (a) State the principle of an ac generator and 
explain its working with the help of a labelled 
diagram. Obtain the expression for the emf induced 
in a coil having N turns each of cross-sectional 
area A, rotating with a constant angular speed ‘a’ 


in a magnetic field B, directed perpendicular to 
the axis of rotation. 

(b) An aeroplane is flying horizontally from west to 
east with a velocity of 900 km/hour. Calculate the 
potential difference developed between the ends 
of its wings having a span of 20 m. The horizontal 
component of the Earth’s magnetic field is 5 x 10* 
T and the angle of dip is 30°. [U [CBSE SQP 2018] 





Ans. (a) Principle of ac generator V2 
Working VY 
Labelled diagram 1 
Derivation of the expression for induced emf 1% 

(b) Calculation of potential difference 1% 
(a) Coil — Axle 





Carbon 

brushes 
The AC Generator works on the principle of 
electromagnetic induction. 1⁄4 
When the magnetic flux through a coil changes, 
an emf is induced in it. 1⁄2 


À Long Answer Type Questions-ll 
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_ BAI 


Zuo a 


2 


Magnetic energy per unit volume = 2. 
0 


Also, Electrostatic Energy Stored Per Unit Volume 
1 
= 2 EE? yy, 


(5 marks each) 


As the coil rotates in magnetic field the effective 
area of the loop, (i.e, A cos0) exposed to the 
magnetic field keeps on changing, hence 
magnetic flux changes and an emf is induced. % 


.. The induced emf, e = -N a Wy 


= — NBA 2 (cos œt) 
dt 


e = NBA%@sin œt 1⁄4 
(b) Potential difference developed between the ends 
of the wings e = Blv Vy 
Given: Velocity, v = 900 km/hour 
= 250 m/s 
Wing span, l = 20 m 
Vertical component of Earth’s magnetic field 
B, = Bytan ó 


= 5x10 š (tan 30°) tesla % 
<. Potential difference, 
£ = 5x10 *(tn30)x 20 x 250 


_ 5x20x250x10+ 
V3 


= 1.44 volt % 
[CBSE Marking Scheme 2018] 
Commonly Made Error 


e The students get confused with the relationship 
between earth's magnetic field and its horizontal 
component 


Answering Tip 


e While answering the question related to ac generator 
always remember to draw a proper and labelled 
diagram following with explanation of principle, 
construction and working of generator. 
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Detailed Answer: 

(a) A.C. generator : 

A.C. generator is a device which converts 

mechanical energy into electric energy. 

Principle It works on the principle of 
electromagnetic induction. 1⁄4 
Working : It consists of 

(i) Armature coil of large number of turns of copper 
wire wound over soft iron core soft iron core is used 
to increase magnetic flux. 

(ii) Field magnets are used to apply magnetic field 
in which armature coil is rotated with its axis 
perpendicular to field lines. 

(iii) Slip rings used to provide movable contacts of 
armature coil with external circuit containing load. 

(iv) Brushes are the metallic pieces used to pass an 
electric current from armature coil to the external 


circuit containing load. 1⁄2 





Theory : 


Consider a coil PORS free to rotate in a uniform 


magnetic field B. The initial flux through the coil is 
maximum te., $ = BA but as the coil is rotating with 
angular velocity @, at any instant ‘t’ the flux is given 
by 

Q = BAcos 0 = BAcos wt 





As the coil rotates, the magnetic flux linked with it 
changes. An induced emf is set up in the coil which 
is given by, 
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e= 9 _ 4 (BA cos wt) = BA sin wot Y, 
dt dt 


If the coil has N turns, then the total induced emf 
will be 

g = NBAagsin t. % 
Thus, the induced emf varies sinusoidally with time 
’t’. The value of induced emf is maximum when 


sin wt = 1 or sin wt = 90° , i.e., when the plane of the 


coil parallel to the field B . Denoting this maximum 
value by £p, we have 
£o = NBA% 

£ = gosin wt = sin 2nft where f is the frequency of 
rotation of the coil. 
We consider the following special cases : 

(i) When at = 0°, the plane of the coil is perpendicular 
to B, sin œt = sin 0° so that £ = 0 


(ii) When wt=12/2, the plane of coil is parallel to field 


B, sinoat =sinn/2=1, so that e=€, 
(iii) When @t=x, the plane of the coil is again 


perpendicular to B, sinwt=sinn=0 so that e=0 


(iv) When wt = = , the plane of the coil is again parallel 
I -Ən 
to B, sin ot = m =-] so that €=—£, 


(v) When @ = 27, the plane of the coil again becomes 
perpendicular to B after completing one rotation, 
sin wt = sin 27n =0 so that e=0. 

As the coil continues to rotate in the same sense the 
same cycle of changes repeats again and again. Such 
an emf is called sinusoidal or alternating emf. Both 
the magnitude and direction of this emf changes 
regularly with time. 

@ The fact that an induced emf is set up in a coil when 
rotated a magnetic field forms the basic principle of 
a dynamo or a generator. 

@ The electric current produced varies sinusoidally 
with time, so is known as ‘alternating current’ and 
hence the generator is known as A.C. generator’. 


(b) As 


By = tan 6 

By 

By = Bytan ó 1, 
= 5 x 10% tan 30° 
_ 5x10 





B 72 
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e = Blo 
5x10% 
= x 20 x 250 
V3 
=144V y, 
Q. 2. Define mutual inductance of a coil. On what 


factors it depends ? [R] [SQP II 2017] 
Two concentric circular coils, one of small radius 
r, and the other of large radius r,, such that r, << 
ry are placed co-axially with centers coinciding. 
Obtain the mutual inductance of the arrangement. 
Ans. Try yourself, Definition : Similar to Q. 2, Long 
Answer Type Questions-I. 2 
Factors : (i) Their geometries 
(ii) Their distance of separation 
(iii) Number of turns in each coil 
(iv) Nature of medium in the intervening space 1 
Expression : 
If a current I, flows through the outer circular coil of 
radius r,, the magnetic field at the centre of the coil 
will be, 
_ Hole 


= 1 
B; 2r, £ 


As r, << 1%, so field B, will be considered to be 
constant over the entire cross-sectionalarea of inner 
coil with radius r,. Hence, magnetic flux linked with 
the smaller coil will be : 


j, = BoA, 
_ Mole er? 1 
24 l 2 
From the definition : 
j: = Mylo 


Hence, mutual inductance will be, 


91 _ Hont i 
a I 2n f 
But M; = Mz = M 
' . = dd 
.. Mutual inductance, M = pE.dl = aie 1⁄, 


Q.3. (i) Explain the meaning of the term mutual 

inductance. Consider two concentric circular coils, 

one of radius r, and the other of radius r, (r, < r,) 

placed co-axially with centres coinciding with 

each other. Obtain the expression for the mutual 
inductance of the arrangement. 

(ii) A rectangular coil of area A, having number of 

turns N is rotated at ‘f revolutions per second 


[ 159 


in a uniform magnetic field B, the field being 

perpendicular to the coil. Prove that the maximum 
emf induced in the coil is 2nfNBA. 

[Ul [O.D. I, II, III 2016] 

Ans. (i) Mutual Inductance is the property of a pair of 

coils due to which an emf induced in one of the 

coils due to the change in the current in the other 








coil. 1⁄4 
Mathematically, e, = a 1⁄2 
=. 2 1⁄4 
di, / dt i 
Let a current I, flows through the outer circular 
coil. Then 
B, = Hols v 
2r 
2 ponr 
0, = TB oo = Ml, 
2 
Hor 
Thus, Ven" 1 — M,, 1 


2r, 


(ii) 





Carbon 
brushes 


Flux at any time “f. 
Dg = BAcos 0 = BAcos wt 1⁄2 


From Faraday’s Law, induced emf 


1⁄2 
Thus the instantaneous value of emf is 
e = NBAgsin ot 
For maximum value of emf sin of = +1 
LE, €y = NBA® = 2nfNBA 1⁄2 
[CBSE Marking Scheme 2016] 


Q. 4. In the following diagram, the arm PQ of the 
rectangular conductor is moved from x = 0; 
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Ans. 
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outwards. 





The uniform magnetic field is perpendicular to the 
plane and extends from x = 0 to x = b and is zero 
for x > b. Only the arm PQ possesses substantial 
resistance ‘r. Consider the situation when the arm 
PQ is pulled outwards from x = 0 to x = 2b, and 
is then moved back to x = 0 with constant speed 
“v. Obtain expressions for the (i) electric flux, (ii) 
the induced emf,(iii)the force necessary to pull the 
arm and (iv) the power dissipated as Joule heat. 

Sketch the variation of these quantities with 
[CBSE SQP 2020] 


For forward motion from x = 0 to x = 2b. 


The flux ps linked with circuit SPOR is 


distance. 





1 
The induced emf is, 
—d 
e= “ties 
dl 
e = — Blv 0<x<b 
e = 0 b < x < 2b 1 
When induced emf is non-zero, the current I in the 
magnitude; 
e Bl 
I = = — DE 
r r 


The force required to keep arm PQ in constant 
motion is F =IIB. Its direction is to the left. In 
magnitude 


212 
rap el? . 
r 





0<x<b 





F=0; b < x < 2b 1 
The Joule heating loss is 
P; = r 
B212? 
= ° 0<x<b 
r 
= 0 b < x < 2b 1 


One obtains similar expressions for the inward 


motion from x = 2bto x = 0 





Biọ = K 
L M L M 
b 2b b 0 
Blv AE 
b 
0 2b b 0 
Blv 


Inward > 








Q. 5. (a) Derive an expression for the induced emf 
developed when a coil of N turns, and area of 
cross-section A, is rotated at constant angular 
speed o in a uniform magnetic field B. 

(b) A wheel with 100 metallic spokes each 0.5 m 
long is rotated with a speed of 120 rev/min in 
a plane normal to the horizontal component 
of the Earth's magnetic field. If the resultant 
magnetic field at that place is 4 x 104 T 
and the angle of dip at the place is 30°, find the 
emf induced between the axle and the rim of 
the wheel. [O.D. I 2019] 


Ans. Deriving expression for e.m-f. 3 


Finding induced e.m.f. between the axel and rim 


of wheel 2 
(a) Flux linked with the coil at any instant of time is : 
d= NBA cosat % 
4 _NB «(—sin wt)S 7 
dt 
gac : 
dt 
e = NBAsinot 
é=e,sinat (Here g, = NBAq) 1 


(b) ! = 0.5 m, v =120 rpm = 2 rps 
@ = 2nv = 4n rad /s,B = 4 x 10°T,5=30° 5⁄2 
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'®' = 2nv 
V3 
By 410 x = 2n x 2 rad/s 
1 
B= 2/3 x10" T a = 4r rad/s 
ss 1 Bol? 1⁄2 Magnetic field, B = 4.0 x 10 T 
2 Angle of dip, ó = 30° 
s= > 2/3 x10 x 47x (0.5) Horizontal component of Earth 
e=5.4x 10" volt a Dis boo 
CBSE Marking Scheme, 2019 
l — eee -40x 104T x 3 
Detailed Answer: 2 
(a) Consider a coil having number of turns 'N' and =20x V3 x10¢T 
area of cross-section 'A' is rotating with angular 
frequency 'w' in a uniform magnetic field 'B'. Now, the required Induced emt 
The magnetic flux through each turn le|= dó 
dt 
q = B.A = BAcos ot J 
= — (B (i 
Hence, net magnetic flux due to N turns dt (Bra) 0) 
òy = NBAcos ot Area covered by each spoke, 
Now, apply second Law of Faraday's Electromagnetic A= [2] 
Induction. an 
Induced emf = r 0 
dd A 
Jel = eN d 2 
dt F o. r 
1 Form equation (i) e = ifs, x e] 
= N PRP ot 
2 
= NBAasin wt oy 
2 dt 
e = NABosin ot B p? 
r 
(b) Given: Length of spokes, r = 0.5 m = oe O 


Frequency (o) = 120 rev/min 
_ 2.0x /3 x10 x (0.5) P 


2 
e = 5.4 x 104 V 


= 2 rev/s Ar 


Hence, angular frequency 
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CHAPTER 





Syllabus 


> Alternating currents, peak and RMS value of alternating current/voltage; reactance and impedance; 
LC oscillations (qualitative treatment only). 

> LCR series circuit, resonance; power in A.C. circuits. 

> AC generator and transformer. 


Chapter Analysis 


1 10 
— AST- |: (5 marks) aA 
Q 
1Q (3 marks) 
LCR series Circuit or 
(5 marks) 1Q 
(3 marks) 
AC Generator and 2 OQ 1Q IQ 
Transformer (5 marks) | (5 marks) (5 marks) 


TOPIC-1 


Alternating Current 











e ° 
Revision Notes TOPIC - 1 
Alternating current Alternating Current Sus P. 163 


> Alternating current changes continuously in magnitude and periodically TOPIC - 2 
in direction. 


> It is represented by sine curve or cosine curve as I = Isin wt or I = [pcos wt kes s = 
where, I; is peak value of current and I is instantaneous value of current. TOPIC - 3 

> Frequency of an alternating current supply f, is defined as the number of AC Generator and Transformer 
cycles which gets completed per second which is measured in Hertz (Hz). PB 186 


In India, the frequency 50 Hz. 
> The time period T, of an alternating supply, is time taken to complete one cycle. 
> The behaviour of ohmic resistance R in ac circuit is the same as in dc circuit. 
> Alternating current can be produced by using a device called as an alternator. 
> AC waveforms are : 


+ 


Square Wave 


+ 


+ Sine Wave Triangle Wave 


time 
— 


| amplitude 





www.jeeneetadda.in 


164 | Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


Peak and rms value of alternating current/voltage : 
> Root mean square or rms is the root mean square of voltage or current in an ac circuit for one complete cycle 
denoted by V,,,, or Linc 
> Rms value is the standard way of measuring alternating current and voltage as it gives the dc equivalent values. 


> Rms value of ac is also called effective value or virtual value of ac represented as L,,,, I, or I, shown as 


I 0 Scan to know 
Lens = 2 = 0.7071) oR 
> Rms voltage value is the square root of averages of the squares of instantaneous voltages in a time 
varying waveform. 
V 
Vans =-= = 0.707 Vo Alt ti 
v2 Coe 





> AC voltage applied to pure inductive circuits : 
50000 


L V = V,,sin œt 
N i = i„| sin @t — ud [which shows current lags the voltage by z ] 
V = V sin wt 2 2 
Average P; = “asin (2mt)] = 0 [Since average of sin 2m over a complete cycle is zero] 


Thus the average power supplied to a inductor over one complete cycle is zero. 
AC applied to pure capacitive circuit : 


V = V,, sin ot 
C I= L, sin [= + z) [which shows current leads the voltage by — ] 
FV oes š À ; 
V = V sin et Average Pc = = PAON) = 0 [Since average of sin 2mt over a complete cycle is zero] 


Thus the average power supplied to an capacitor over one complete cycle is zero. 

> Phasor-diagram : À phasor diagram represents sinusoidal ac current and sinusoidal voltage in a circuit along with 
the phase difference between current and voltage. The length of phasor is proportional to the instantaneous values 
of V & I and the maximum length is proportional to V, & Ip. 






V nsin at] 






t 
I sin K “A 





Phasor diagram of purely Inductive circuit Graphical representation of V & i versus ot. 


Reactance and Impedance 

> When an ac current is passed through a resistance, a voltage drop is produced which is in phase with the current 
and is measured in ohms (Q). 

> Reactance is the inertia against the motion of electrons where an alternating current after passing through it 
produces a voltage drop which is 90 out of phase with the current. 

> Reactance is shown by “X” and is measured in ohms (Q). 

> Reactance is of two types : inductive and capacitive. 

> Inductive reactance is linked with varying magnetic field that surrounds a wire or a coil carrying a current. 

> Inductive reactance (X;) is the resistance offered by an inductor and is given by X, = @L = 2nfL 

> Through a pure inductor, alternating current lags behind the alternating emf by phase angle of 90°. 

> Capacitive reactance is linked with changing electric field between two conducting surfaces separated from each 
other by an insulating medium. 

> Capacitive reactance (Xc) is the resistance offered by a capacitor and is given by 

1 1 


OC” Bac 


> Through a pure capacitor, alternating current leads the alternating emf by a phase angle of 90°. 
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> Impedance is the comprehensive expression of all forms of opposition to electron flow, including resistance and 
reactance, where an alternating current after passing through it produces a voltage drop between 0° and 90° which 


will be out of phase with current given as, 
Z= JR2 +X? 


where, Z = impedance of circuit, R = resistance, X = reactance 
LC Oscillations (qualitative treatment only) 


L C Oscillations: 


At t=0, Up= Max, & Up= 0 At t=T/B, Up= Up 


L 

_ L 
@® r= 

== 


At t=3T/8, Up= Up Att=4T/8, Up= Max,& Us=0 = At t=5T/8, U,= Up 


L L 
4 k 


At t=6T/8, U,= 0 & Up= Max At t=7T/8, U,=Uz At t=T, Up= Max, & Ug= 0 





> LC circuit comprises of inductor and capacitor connected in series where energy from the cell is given to capacitor 
which will keep on oscillating between inductor and capacitor. 

> When ac voltage is applied to the capacitor, it will keep on charging and discharging continuously. 

> When capacitor is fully charged, it starts discharging and charge gets transferred to the inductor which is connected 
to capacitor. 

> Due to change in current, there will be change in magnetic flux of the inductor in the circuit, which induces an emf 
in the inductor. 


> The emf is given by e = -L7 which will oppose the growth of the current. 


> When capacitor gets completely discharged, all the energy stored in it, will now store in the inductor as a result of 
which, inductor will start charging the capacitor and energy stored in the capacitor will start increasing. 
> As there is no current in the circuit, energy in the inductor is zero, so total energy of LC circuit will be 
_ 1 4 
"2C 
> Band Width : It is the range of angular frequencies over which the average power is greater than 1⁄2 the maximum 
value of average power. 
> Impedance : In an ac, the impedance is analogous to resistance in a dc circuit that measures the combined effect of 
resistance, capacitive reactance and inductive reactance. 


Key Formulae 


I 
> Lins = Z 
V 
> Vyms z o 
> P = E 
> Ina purely inductive circuit if,V = V„sin œt 


¿ š T . Vi 
i=1,, sin{ ot where 1,,= — and X, = œL 
2 X 
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(Pave)r =0 
> Ina purely capacitive circuit if,V= V,, sin wt 
eek os T ae V 1 
i = i„ Ssin| Of + — where, i„ = and Xc = — 
2 Xc wC 
> Average Power = Zv, Ip COSO = V, msl rms cos$ (where, cos 0 = > is power factor) 
d Z = JR2+(X, - Xc) 
> induced emf = e = g 
dt 
1 g 
> Energy in LC circuit, Ur = Ë 
2 C 
À Objective Type Questions (1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Ans. 


If the rms current in a 50 Hz AC circuit is 5 A, the 
value of the current 1/300 s after its value becomes 
zero is 
(a) 5V2 A. (b) s šA . 
5 5 
c) —A. d —A, 
(c) 6 (d) Te 
[NCERT Exemplar] 
Correct option : (b) 


Explanation : 
Here, Lms = 5 A, v = 50 Hz and t= E 
300 


ly = Peak value = 21, = L 2 ee. 5 4/2" A 


Now, I = Ip sin wt =5V2. sin 2nvt 


= 5Visinanx0x 1 =5,/2 A 
300 V2 


. To reduce the resonant frequency in an L-C-R 


series circuit with a generator 
(a) the generator frequency should be reduced. 
(b) another capacitor should be added in parallel to 
the first. 
(c) the iron core of the inductor should be 
removed. 
(d) dielectric in the capacitor should be removed. 
[NCERT Exemplar] 
Correct option : (b) 
Explanation: The resonant frequency of L-C-R 


1 
series circuit is V, = ——== 
2nv LC 


So, to reduce resonant frequency, we have to either 
increase L or C. 

To increase capacitance another capacitor must be 
connected in parallel with the first. 


Q. 3. Alternating current cannot be measured by d.c. 


Ans. 


ammeter, because : 

(a) Average value of current for complete cycle is 
zero 

(b) A.C. Changes direction 

(c)A.C. cannot pass through D.C Ammeter 

(d) D.C. Ammeter will get damaged 

Correct option : (c) 

Explanation : The full cycle of alternating current 

consists of two half cycles. For one half, currently 

is positive and for second half, current is negative. 

Therefore, for an a.c. cycle, the net value of current 

average out to zero. While for the half cycle, the 

value of current is different at different points. 

Hence, the alternating current cannot be measured 

by D.C. ammeter. 


Q. 4. An a.c. source is rated at 220V, 50 Hz. The time 


taken for the voltage to change from its peak value 
to zero is: 


(a) 50 sec 

(c) 5 sec 

Ans. Correct option : (d) 
Explanation : 


(b) 0.02 sec 


(d) 5 x 10 sec 





Time to change from peak value to zero is nothing 
but 


GHEE HG) 


Given f=50Hz hence T = E j 
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Commonly Made Error 


e The students are confused about the basic equations 
of the alternating current variation with time 





Answering Tip 
e Carefully observe the graph and then relate the 


given time periods to the equation of the alternating 
current 





Q.5.The frequency of an alternating voltage is 50 
cycles/sec and its amplitude is 120V. Then its rms 
value of current will be 
(a) 101.3V 

(c)70.7V 

Correct option : (b) 
Explanation: The frequency of an alternating 
current voltage, f = 50 cycles /sec amplitude of the 
ac voltage (Vç) = 120V 

w.k.t. 


(b) 84.8V 
(d) 56.5V 
Ans. 


V 
V = 
rms 2 


where Vrms denotes root mean square value 
of voltage , VO is the peak value of voltage or 
amplitude. So, 


V,, = 60V2 
= 60 x 1.414 
= 84.84 V 
(ID FILL IN THE BLANKS 


Q.1. The electric current that varies in magnitude 
continuously and reverses its direction 
periodically is known 3s........................ A [R] 


Ans. alternating current. 


Q. 2. 


The average or mean value of current for half 
CYC IS WN............... š [RI 
0.637 Ip. 

The value of steady current which when passed 
through a circuit for half the time period of the 


alternating current which sends the same amount 
of charge as done by alternating current is known 


AS dunnii W. 


Ans. Average value. 


Ans. 
Q. 3. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Why is the use of ac voltage preferred over dc 
voltage ? Give two reasons. [R] 


Ans. Any two of the following (or any other correct) 
reasons : 
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(i)ac can be transmitted with much lower energy 
losses as compared to dc. 
(ii) ac voltage can be adjusted (stepped-up or stepped 
down) as per requirement. 
(iii)ac current in a circuit can be controlled using 
(almost) wattless devices like choke coil. 


(iv) ac is easier to generate as compared to dc. 
[CBSE Marking Scheme, 2014] %2 + % 


Q. 2. Plot a graph showing variation of capacitive 


reactance with the change in the frequency of the 
ac source. 


Ans. 


— 
ji 


Q. 3. A device ‘X’ is connected to an ac source V = V, 
sin œt. The variation of voltage, current and power 
in one complete cycle as shown in the following 
figure. [CBSE SQP 2015-2016] 


(i) Which curve shows power consumption over a full 
cycle? 


(ii) Identify the device ‘X’. 
A 





Ans. (i) A 2 
(ii) Capacitor [CBSE Marking Scheme, 2016] 2 
Detailed Answer : 
(i) Power's frequency is double of current or voltage 
frequency. 


(ii) From the graph, the phase difference between V 
and I is > so device “X” may be an inductor (L) or 


capacitor (C) but the current (graph C) leads the 


voltage (graph B), device is capacitor. 

Q. 4. Can ever the rms value be equal to the peak value 
of an ac? 

Ans. Yes, the rms value of an ac is equal to the peak value 
in case of a square wave only but it is not possible in 
case of sinusoidal wave form. 

Q. 5. When an alternating current is passed through a 
moving coil galvanometer, it shows no deflection. 


Why? [R] 
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Ans. The moving coil galvanometer is designed so as to 
measure the average value of the current, which 
is zero for the complete cycle of ac. Hence, no 
deflection is shown by the galvanometer. 

Q. 6. Calculate the rms value of the alternating current 


as shown in the figure : 
t 2A 
I O 
I 2A 


À Short Answer Type Questions 


Q.1. The figure shows two sinusoidal curves 
representing oscillating supply voltage and 
current in an ac circuit. [CBSE SQP 2018-19] 


i(t), ; E(t) 





Draw a phasor diagram to represent the current 
and supply voltage appropriately as phasors. State 
the phase difference between the two quantities. [A| 





E 
I > 
Equal length of phasors Vy 
Current leads voltage 1⁄2 
phase difference is A 1 


[CBSE Marking Scheme, 2018] 


Q. 2. A lamp is connected in series with a capacitor. 
Predict your observation for dc and ac connections. 


Å Long Answer Type Questions-l 


Q. 1. Show that in the free oscillations of an LC circuit, 
the sum of energies stored in the capacitor and the 
inductor is constant in time. [|U[CBSE SQP 2018-19] 
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Te (2): + (-2)? + 22 
as 3 
= Ë =/4=2A 


(2 marks each) 


What happens in each if the capacitance of the 
[SOP II 2017] 


Ans. When a dc source is connected to a capacitor, the 
capacitor gets charged and after charging, no 
current flows in the circuit and the lamp will not 
glow. There will be no change even if C is reduced. 
With an ac source, the capacitor offers capacitive 
reactance and the current flows in the circuit. 
Consequently the lamp will shine. Reducing C 
will increase the reactance and the lamp will shine 
less brightly than before. 2 

[CBSE Marking Scheme, 2017] 
Q.3. Show that the current leads the voltage in 


capacitor is reduced ? 


TU . . e . . . 
phase by — in an ac circuit containing an ideal 


capacitor. [Foreign 2014] 
Ans. If V = Vosin wt 1⁄ 
q = CV = CVosin ot 1⁄2 
dq 
I = — = @CVcos wt 1⁄2 
dt 
i T 
or I = @CVosin (œt + 2) 


So, the current leads the applied voltage, in phase 


T 
by — 
u [CBSE Marking Scheme, 2014] 1⁄ 


(3 marks each) 


Ans. At an instant t, charge q on the capacitor and the 
current 7 are given by : 
q(t) = qgcos ot 
i(t) = — qo@ sin ot 
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Energy stored in the capacitor at time t is 


2 2 

LI, = loy? aie 10 cos? (ot) 1 
2 26 2 

Energy stored in the inductor at time t is 


1 
Uy = zi 


= + Lgo? sin’ (ot) 


— 


Q. 1. A device “X” is connected to an ac source V = V,sin 
wt. The variation of voltage, current and power in 
one cycle is shown in the following graph : 


OQ 
m= ae 






(i) Identify the device ‘X’. 

(ii) Which of the curves A, B and C represent the 
voltage, current and the power consumed in the 
circuit ? Justify your answer. 

(iii) How does its impedance vary with frequency of 
the ac source ? Show graphically. 

(iv) Obtain an expression for the current in the circuit 
and its phase relation with ac voltage. 


[U[CBSE SQP 2017] 
Ans. (i) Identification % 
(ii) Identifying the curves 1⁄2 
Justification 1⁄2 
(iii) Variation of Impedance with frequency 1⁄2 
Graph 1⁄2 
(iv) Expression for current 2 
Phase relation 1⁄2 
(i) The device X is a capacitor 1⁄2 
(ii) Curve B — voltage 
Curve C — current 
Curve A — power 2 
Reason : The current leads the voltage in phase, 
by >: for a capacitor. 1⁄2 
ae 1 1 
(iii) X, = ae or [x= 1) 1⁄2 


Å Long Answer Type Questions - Il 
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2 
= K sin? (ot) (-o=1/ JIC) 1 
Sum of energies 


2 
U; + Uy = eos ot + sin” wt) 


2 
= 26 
2C 
This sum is constant in time as qo and C, both are 
time-independent. 1 


[CBSE Marking Scheme, 2017] 


(5 marks each) 


Xc 
1⁄2 
— 
f 
(iv) V = Vosin wt 
g = VC = CVosin œt 1⁄2 
I = aa wC Vy cos wt 1⁄4 
dt 
C 
V = Vosin œt Vy 
r bsn[er+2 | Vy 
Current leads the voltage, in phase, by —+ 1⁄4 


[Note : If the student identifies the device X as an 
Inductor but writes correct answer to parts (c) and 
(d) (in terms of an inductor), the student will be 
given full marks for (only) these two parts] 
[CBSE Marking Scheme, 2017] 
Q. 2. (i) An ac source generating a voltage V = V sin 
wt is connected to a capacitor of capacitance C. Find 


the expression of the current I flowing through it. 
Plot a graph of V and I versus œt to show that the 


current is 5 ahead of the voltage. 
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(ii) A resistor of 200 Q and a capacitor of 15 uF are 
connected in series to a 220 V, 50 Hz ac source. 
Calculate the current in the circuit and the rms 
voltage across the resistor and the capacitor. Why 
the algebraic sum of these voltages is more than 





the source voltage ? [Al [CBSE SOP 2016] 
Ans. (i) V = Vpsin œt, V = £ 1⁄2 
d 
= #0 : 
h = = | f | 
oC 
I = [sin [wr z) Ya 








1 
ii Xc = = 212.3 Q 

ü E 2nfC 
Z =R HX? = 291.50 Vs 
1 p TA _ 0.755 A 1⁄2 

Z 291.5 

Vr (rms) = 151 V 
Ve (rms) = 160.3 V ve 
Two voltages are out of phase, hence they are 
added vectorially. 1⁄ 


[CBSE Marking Scheme, 2016] 
Detailed Answer :- 


(i) Try yourself, Similar to Q 2 (iv) of Long Answer 
Type Questions 


(ii) Here, R = 200 ohm, 
Ci- 1800EF = 15 x 10°F 
E, = 220V, v = 50Hz, L, = ? 





Now r 5 2 : 
wC 2nvC 
1 


2x3.14x50x15x10° 


(a) Impedance of the circuit, 
Z=4R +X? 
= 4/2000° + (212.3) 
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= 291.7 ohm 
.. Current in the circuit. 
= eS A 
Z 291.7 


(b) Vr = I, x R= 0.75 x 200 = 150.8V 
Vo-1,X.=0.75 x 212.3 = 159.2V 


Ve + Ve=150.8 + 159.2 = 310V, which is more 
than the source voltage of 220 V. This paradox is 
resolved by the fact that the two voltages are not in 
same phase. Therefore, they cannot be added like 
ordinary number. As Vp and Vç are out of phase by 
90°, therefore, 


VRC = V2 + V2 = (150.8) + (159.2) 


= 220V , the source voltage. 


Q. 3. Adevice Xis connected across anac source of voltage 
V = V,sin wt. The current through X is given as 


1 TU 


(a) Identify the device X and write the expression 
for its reactance. 


(b) Draw graphs showing variation of voltage and 
current with time over one cycle of ac, for X. 


(c) How does the reactance of the device X vary 
with frequency of the ac ? Show this variation 
graphically. 

(d) Draw the phasor diagram for the device X. 

[Delhi & O.D. 2018] 


Ans. (b) Graphs of voltage and current with time 1+1 





(c) Variation of reactance with frequency VY) 

(Graphical variation) VY 

(d) Phasor Diagram 1 

(a) X : Capacitor Ya 
1 1 : 

Reactance, X. = RE © ae fC Vy 


Art" 





(c) Reactance of the capacitor varies in inverse 


proportion to the frequency i.e. , X,«< 1 


=|=. 
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1 
1 
[CBSE Marking Scheme, 2018] 
Detailed Answer: 
Ans. QN PaL Ga ad “ka abbed valtas K_\s a cabaudty 
O | 





[Topper's Answer, 2018] 


www.jeeneetadda.in 


172 | Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


TOPIC-2 
LCR Series Circuit 





Revision Notes 


LCR series circuit 
> Inan LCR series circuit with resistor, inductor and capacitor, the expression for the instantaneous potential difference 


between the terminals a and b is given as 


: Scan to know 
V=V sin wt, more about 


this topic 
a b P 


LCR Series 
Circuit 





R L E 
> The potential difference in this will be equal to the sum of the magnitudes of potential differences across R, L and 
C elements as 
V =V, sin ot = RM 1. 
dt C 
where, g is the charge on capacitor. 


> The steady state situation will be 


DE. A ang = 
2 _ an R* +| œL- — 
R {ou oe 
h n 
where, = tan? “ee 


> From the equation, steady-state current varies sinusoidal with time, so steady-state current can be written as 
I = L, sin (ot — 9) 


> In an LCR circuit : 


1 
Xc =— 
š @C 


en ey a ss 
WC 

Z= sical 
V _ V. 


— jH ___ m 
" [Ra -X Tae Xe)? VR2+x2 Z 
Here, Z = impedance of the circuit, X = reactance of the circuit, X, and Xc = inductive and capacitive reactance. 


> For steady-state currents, maximum current 1„ is related to maximum potential difference V,,, by 


V, 
In = 


> Total effective resistance of LCR circuit is called Impedance (Z) of the circuit given as 


Z= R: (K = X: 


> The angle by which alternating voltage leads the alternating current in LCR circuit is given by 
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ispa e aa 
R 
> In an LCR circuit, impedance triangle is a right-angled triangle in which base is ohmic resistance R, perpendicular 


is reactance (X, — X-) and hypotenuse is impedance (Z) 
A > 
z 5 
< 


Z) 
—R— 


> When a condenser of capacity C charged to certain potential is connected to inductor L, energy stored in C oscillates 
between L and C where frequency of energy oscillations is given by 
1 
anv LC 
> In LCR circuit, if there is no loss of energy, then total energy in L and C at every instant will remain constant. 


> Sign for phase difference (0) between I and E for a series LCR circuit : 


X,=Xc or f= 


is positive, when X, > X<. “more about” 
i . 1s topic 
0 is negative, when X, < Xc- 
is zero, when X; = Xc. 
> = 7/2, when @ = œ. 
Resonance in 
= p when @ = 0. LCR Circuit 





Resonance 


> Circuit in which inductance L, capacitance C and resistance R are connected in series and the circuit admits 
maximum cutrent, such circuit is called as series resonant circuit. 


> The necessary condition for resonance in LCR series circuit is : Vo = V, 


1 


2nVLC 


> In this, frequency of ac fed to circuit will be equal to natural frequency of energy oscillations in the circuit under conditions, 





1 
X; = Xc which gives @ = Ic or f= 


ZER 
_ Eo _ Eo 
0 Z R 


> The sharpness of tuning at resonance is measured by Q factor or quality factor of the circuit given as 


1 IL 
o-z 


> At series LCR resonance or acceptor circuit, current is maximum. 


Power in AC circuits 


> When the current is out of phase with the voltage, the power indicated by the product of the applied voltage and 
the total current gives only which is known as apparent power. 


> If the instantaneous values of the voltage and current in an ac circuit are given by 
E = Esin wt 
1 = tsin (œt — ) 
where 9 is the phase difference between voltage and the current. Then, the instantaneous power 


P;, = E x i = Eotosin @t.sin (wt — $) 
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| 
or average power Pog = > Polo cos 
7 Za = Vis X Trms X COS $ 


where, cos $ is known as power factor. 
> The instantaneous rate at which energy is supplied to an electrical device by ac circuit is 


P=VI 
> Average power in LCR where, X, = Xc over a complete cycle in a non inductive circuit or pure resistive circuit is 
given as P = VI, or IR 


Know the Formulae 


> Impedance for a series LCR circuit, 


= RH ofp? oot 2.) 


Z = 
Eolo 
> Average power, P= > cos 9 = V,,,, Lins COS È 
> Quality factor Q = 1 jL 
` RVC 


A Objective Type Questions (1 mark each) 





e 
(DMULTIPLE CHOICE QUESTIONS For Q to be high, R should be low, L should be high 
Q.1. Which of the following combinations should be and C should be low. 
selected for better tuning of an L-C-R circuit used Q. 2. In an oscillating LC circuit the maximum charge 
for communication? on the capacitor is Q. The charge on the capacitor 
(a) R = 20 Q, L = 1.5 H, C = 35 pE when the energy is stored equally between the 
(b) R = 25 Q, L = 2.5 H, C = 45 pE electric and magnetic field is : 
(YR = 150, L = 3.5 H, C = 30 uE (a) 2 (b) NA 
(d) R = 259, L = 1.5 H, C = 45 pE A : 
[NCERT Exemplar] (c) 7 (d) Q 


Ans. Correct option : (c) Ans. Correct option : (c) 


Explanation : Explanation : 


Tuning of an L-C-R circuit depends on quality factor 


Let Q denote maximum charge on capacitor. 
of the circuit. Tuning will be better when quality 


Let q denote charge when energy is equally shared 
factor of the circuit is high. 


2 2 
As, quality factor (Q) of an L-C-K circuit is given by, A E) = L = OQ” = 2⁄2 
l JL 
= He 
Q, = L =50 < = =10.35 Commonly Made Error 
'  20V35x10° 700 I 
1 75 5 e The students are not able to apply the formula for 
Q, =— | — = 40x, = =9.43 the energy stored in the capacitor in terms of its 
25 \ 45x10 20 charge and capacitance. 


1 3.5 100 35 
Ss=Ts 30x10 45 N3 77 Answering Tip 
1 [ 15 


40 e The factor of 1⁄2 should be carefully taken into 
Q, Fa 6 = 7.30 
25V45x10° 30 











account while performing the calculations 
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Q. 3. What are the dimensions of the impedance? 
(a) MLT? |? (b) M-1L-2T3 |? 
(c) ML°T* |” (d) M*L°T? |? 
Ans. Correct option : (a) 
Explanation : Impedance has the same dimensions 
as that of the resistance : 


R=— 
I 


_ MDT [` 
I 
= MDT [2 
(ID FILL IN THE BLANKS 


Q.1. The current in the alternating inductive circuit 
ET the voltage. [R] 


Ans. lag behind. 
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Q. 2. The capacitive reactance Xc increases with 


aieiai in frequency of a.c. and current in the 
capacitive a.c. circuit ...................... the ac voltage. 


R. 
Ans. decrease, leading ahead. 


Q.3. The metal detector works on the principle of 
Sun ass in an a.c. circuit. [R] 


Ans. resonance. 
(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. For an ideal conductor, connected across a 
sinusoidal ac voltage source. State which one of 
the following quantity is zero : 

(i) Instantaneous power 


(ii) Average power over full cycle of the ac voltage 


source. [U] [Foreign 2016] 
Ans. Average power over full cycle of ac voltage source 
is Zero. 1 


[CBSE Marking Scheme, 2016] 


Q. 2. The power factor of an ac circuit is 0.5. What is the phase difference between voltage and current in the 


circuit ? 


[is u _ -F 


ase 











Q. 3. What do you mean by acceptor circuit and give one 
application of it. [R] 
Ans. The series LCR circuit at resonance condition is 


Q. 1. An alternating voltage E = E,sin wt is applied to 
the circuit containing a resistor R connected in 
series with a black box. The current in the circuit 


T 
is found to be I=I,;sin (o + 4 





E = E,sin ot 


(i) State whether the element in the black box is a 
capacitor or inductor. 


(ii) Draw the corresponding phasor diagram and find 
the impedance in terms of R. 


[CBSE SQP 2017-18] 


Å Short Answer Type Questions 


[O.D. L 2016] 

60. = Tr — nidi a | 

voiing E EN 
3: 


[Topper's Answer, 2016] | 





known as an acceptor circuit. the impedance of 
the circuit is at its minimum so easily accepts the 
current 


(2 marks each) 





Ans. (i) As the current leads the voltage by a? the 
element used in black box is a ‘capacitor’. 12 
(ii) Phasor diagram : 1⁄2 


Ve I 
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QO. 2. 


Å Long Answer Type Questions-I 


AT) Q. 


Ans. 
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Xc = R 
Impedance, Z= (Xo ER) 1 
Z = R. 1⁄4 


[CBSE Marking Scheme, 2017] 
A capacitor “C”, a variable resistor ‘R’ and a bulb ‘B’ 
are connected in series to the ac mains in circuit 
as shown. The bulb glows with some brightness. 
How will the glow of the bulb change if (i) a 
dielectric slab is introduced between the plates of 
the capacitor, keeping resistance R to be the same; 
(ii) the resistance R is increased keeping the same 
capacitance ? 


1. A source of ac voltage V = V,sin wt, is connected 
across a pure inductor of inductance L. Derive the 
expressions for the instantaneous current in the 
circuit. Show that average power dissipated in the 


circuit is zero. [Foreign I, II, III 2017] 


Derivation of instantaneous current 2 
Derivation of average power dissipated 1 
Given: V = Vosin ot 
di ; 
v= L >di= Ei 
dt J. 
L 
V = Vasin ot 
di = sin wtdt 1⁄2 
L 
Integrating i = = 8 cost 1⁄2 
; oL 
Vo -A _ ( % 
i= ——sin| ——@t | = [)sin| —- at y 
s S a x T. 
where, h= Yo 
oL 





Ans. (i) When a dielectric slab is introduced in between 


the plates of capacitor, its capacitance will increase 
which tends to decrease the potential drop across 


the capacitor, i.e., v-2. As a result of this, 


potential drop across bulb will increase as they are 
connected in series, so the brightness of the bulb 
will increase. 1 


(ii) As the resistance R increases, potential drop 


across the resistor will also increase which lead to 
decrease in potential drop across the bulb, since it 
is connected in series. Hence, the brightness of the 


bulb will decrease. 1 


(3 marks each) 


Average power, 


zə 
II 


T 
| Vidt 1⁄4 
0 


=V T. 
= — | siti @ cos of di 
ol 


yet 
= = | sin(2ot)dt 
20L 7 
=0 1 
[CBSE Marking Scheme, 2017] 


Q. 2. (i) Find the value of the phase difference between 
the current and the voltage in the series LCR circuit 


shown below. Which one leads in phase : current 


or voltage ? 

(ii) Without making any other change, find the value 
of the additional capacitor C}, to be connected in 
parallel with the capacitor C, in order to make the 
power factor of the circuit unity. 


L = 100 mH C = 2uF 


R = 4009 


V = Vpsin (1000 t +4) 
[Delhi L II, III 2017] 
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Ans.(i) Calculation of phase difference between C = 10uF 1 
current and voltage 1 
Name of quantity which leads 1⁄4 C=C+C, 
(ii) Calculation of value of 'C', is to be connected in 10=2+C, 
parallel TA C, = 8 uF Ya 
(i) X, = @L = (1000 x 100 x 10) Q [CBSE Marking Scheme, 2017] 
= AKER? Q. 3. A sinusoidal voltage of peak value 10 V is 
Xc = i = a= |° applied to a series LCR circuit in which resistance, 
@C {1000x210 capacitance and inductance have values of 10 Q, 
= 500 Q 1⁄2 1 uF and 1 H respectively. Find (i) the peak voltage 
Phase angle across the inductor at resonance (ii) quality factor 
tan 0 = X, aa of the circuit. [CBSE SQP 2018-19] 
Ans. l =V/R=1010=1A % 
tan = ae PEE ss 1 1⁄2 
"EC (1x1x10-) 
b= -7 ⁄ 
4 = 10° rad 
As Xc > X, (phase angle is negative), hence V, = tee Teel 1⁄4 
| current leads voltage | f —T ix T = 10° V 1 
(ii) To make power s unity 1⁄2 m 4 
io ge =(10°x1/10=100 % 
1 
oC = 100 [CBSE Marking Scheme, 2018] 


Q. 4. A capacitor of unknown capacitance, a resistor of 100 Q and an inductor of self inductance L = (4/n’) henry are 
connected in series to an ac source of 200 V and 50 Hz. Calculate the value of the capacitance and impedance of 
the circuit when the current is in phase with the voltage. Calculate the power dissipated in the circuit. 

[O.D. I, 2016] 




















Ängs E OTA . Ls — h G— e. £ ¿bo V  +- So Hz., C= ae 222 
ope =p pouoce 2 1 li O U.  — ¿ =. _ 





[Topper's Answer, 2018] 
Q. 5. The current, in the LCR circuit shown in the figure in the ‘modified’ circuit, flow in phase with the 
is observed to lead the voltage in phase. Without applied voltage. 
making any other change in the circuit, a capacitor, Draw a diagram of the ‘modified’ circuit and obtain 
of capacitance Cy, is (appropriately) joined to the an expression for C, in terms of œ, L and C. 


capacitor C. This results in making the current, 
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V = Vosin ot 
[Foreign 2016] 
Ans. The current leads the voltage in phase. 
Hence, xX, > Xr 
For resonance, we must have yy 
New value of X. =X, 


1 
We, therefore, need to decrease X. = (=) . This 


requires an increase in the value of C. Hence, 
capacitor Cy should be connected in parallel across 


C Y2 
The diagram of the modified circuit is as shown. 
Co 
L C R 
V = Vasin ot 1 
For resonance, we have Y, 
Í 
w Cue 2 
1 
Cy = fo EG 7 
i = | n 


[CBSE Marking Scheme, 2016] 


Q.6. A 200 mH (pure) inductor and a 5 uF (pure) 


capacitor are connected one by one, across a 
sinusoidal ac voltage source of V = [70.7sin (1000 
t)] voltage. Obtain the expression for the current in 


each case. [Foreign, 2016] 


Ans. For the applied voltage 


V = 70.7sin (1000 t), we have 


Vo = 70.7 volts 1⁄2 
@ = 1000 rad/s Y, 
For the inductor 
. _ Var _ 70.7 
° @L  1000x200x10° 
= 35.35 x 107A 1⁄2 
= 0.3535 A 
<. Expression for current is iY, 


i = (0.3535)sin (100 = 


For the capacitor 
i= Yo 
a cS 


@C 


= Vo. @C 


Q.7. 


Ans. 


= 70.7 x 1000 x 5 x 10% A 1⁄4 
= 353.5 x 10° A = 0.3535 A 
.. Expression for current is 


I = 0.3535sin (1000 J 1⁄4 


[CBSE Marking Scheme, 2016] 


A source of ac voltage V = V,)sin œt is connected 
to a series combination of a resistor ‘R’ and a 
capacitor “C”. Draw the phasor diagram and use it 
to obtain the expression for (i) impedance of the 
circuit and (ii) phase angle. 

[O.D. I, II, HI 2015] 


The Pythagoras theorem gives 
V2 = y “fe V2 


rm cm 


and V 


m cm 


Substituting the values of V, into this 


equation, gives 
Vin = (ing) + G, Xo) 
i? (R? + X2) 


m 


V 


Ë. = m 
JR? + X2 ⁄ 


~. The impedance of the circuit is given by : 


| 1 
2 
Z = RS L KS = R ae 


The phase angle is the angle between Vr and V. Hence 
Fes 


—— 1 
R  @CR “ 


tan Q = 


The circuit diagram and the phasor diagram, for the 


given circuit, are as shown. 


A A B 





1⁄4 
1⁄4 

Derivation, 
The voltage equation, for the circuit, can be written as : 
Ve + Ve = V 1⁄2 


The phasor relation, whose vertical component 
gives the above equation, is 
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Vy 

Q.8. (i) When an ac source is connected to an ideal 
capacitor show that the average power supplied by 
the source over a complete cycle is zero. 

(ii) A lamp is connected in series with a capacitor. 
Predict your observation when the system is 
connected first across a dc and then an ac source. 
What happens in each case if the capacitance of the 
capacitor is reduced ? 

Ans. (i) When an ideal capacitor is connected with ac 
source, the current flow continuously but due to 
dielectric in between the plates of capacitor, there is 
no current, i.e., 


lygt 
Frog = V x Tas 
Pos = 0 1 


(ii) For dc, lamp will ot shine as capacitor blocks dc 
even if we reduce the capacitance, the lamp will not 
shine. 1 
Lamp will shine, if ac is used on reducing C, with 
increase of impedance. 

Hence, lamp will shine less brightly. 1 
Q.9. Obtain the resonant frequency and Q-factor 
of a series LCR circuit with L = 3H, C = 27uE 
R = 7.4Q. It is desired to improve the sharpness of 
resonance of circuit by reducing its full width at 
half maximum by a factor of 2. Suggest a suitable 
Way. [CBSE SQP 2019-20] 
-- Resonant frequency for LCR circuit is given by 


1 


T 1 
Q 2nvVLC 


Ans. 


1 
 2x3.14V3x27 x10“ 


= 17.69Hz 
or Wy = 27v = 111 rad/s. 1 
-- Quality factor of resonance 


DA E RC 
ga ise 
~~ 7AVN27x10°% 


To improve sharpness of resonance circuit by a 
factor 2, without reducing o, reduce R to half of its 
value i.e. R = 3.70, 1 
Q. 10. A capacitor (C) and resistor (R) are connected in 
series with an ac source of voltage of frequency 
50 Hz. The potential difference across C and R 
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are respectively 120 V, 90 V, and the current in the 
circuit is 3 A. Calculate (i) the impedance of the 
circuit (ii) the value of the inductance, which when 
connected in series with C and R will make the 
power factor of the circuit unity. 

[O.D. LILIII 2019] 


Ans. Calculation of impedance 2 
Calculation of inductance 1 
(i) Z=JR +X y 
R= z =300 Vs 
I, 
V 
X. =-&= W 400) 2 
Iç 30 
Z = (30) +(40)* = 500 y2 
Xc = Xy 
(ii) As power factor =1 
100xL = 40 E 
L= 4 henry 7 
OT 


[CBSE Marking Scheme, 2019] 


Detailed Answer : 
Given: In R-C circuit, 
Source frequency f = 50 Hz 
Potential difference across 'C', Ve = 120 V 
Potential difference across 'R', Vp = 90 V 
Circuit current (i) = 3A 
(i) Impedance of the circuit (Z) 


Since, Vem V ma Vie 
(iZ)* = Ve + Ve 
T JaN Ne 


1 


(90) an = 


Z = 50 Q 
(ii) Let the inductance 'L' be added in series with R and C 
to make power factor unity. 


So, Power factor P = > 


re R 
yR? +(X; _ Xc) 
or, R° = R? + (X;-X,)” 
Or, X, = Xc (i) 
Since, Ve = IXc 
Ve 120 V 

or, =en = — =40W 

< I 3A 


Hence, from equation (i) 
X; = 40 
2nfL = 40 
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40 
9 = 2nf V =X = — — x 2nv L = 2033 volt 1⁄4 
ee. s (c) Vo-V, =0 4 
2 x r x 50 ; 
[CBSE Marking Scheme, 2019] 
L= 0.13 H 


Q. 11. The figure shows a series LCR circuit connected to Detailed Answer: 


a variable frequency 230 V source. CAVS OnO VOEE V EZAN 


R =4090,C=80mEL=50H 





40 Q (a) At resonance condition, 
Ve = Ng 
230 V — 80 pF or, iXc = iXL 
1 
or, OnfC = 2nfL 
5.0 H 1 
Or, f= 
(a) Determine the source frequency which drives the 2nvLC 
circuit in resonance. 1 * 
_ ——————=———— Hz 
(b) Calculate the impedance of the circuit and  2r(5.0) x (80 x10 Š) 


amplitude of current at resonance. 
= 7.96 Hz 


(c) Show that potential drop across LC combination is (b) At resonance, Xc = X; 


zero at resonating frequency. [O.D. I,II,III 2019] So, the impedance of the circuit 














Ans. Determining the source frequency 1 Z= [Re 4 (X, -Xc } 
Calculating impedance 1⁄2 
or, Z = R [as Xr. = Xc] 
; i i 
For showing potential drop across LC 1% on Z= 40 W 
1 1 1 V. 
(a) o= — = Since I . = ~ 
VLC 45x80x10% 400x10 | E 
V. 
o= ae = 50 Hz 1 Amplitude of current Ip = V2 Lims = V2 x = 
(b Z=R=40Q 
_ 2 290 V er 
1000 40 Q 
e= a 50 Hz 1⁄4 
(c) At resonance condition, 
X = 
J 2302 = 2302 -81A 14 is me 
si R 40 Or, 1X; = 1Xc 
230/2 1 H Vu = Vc 
va ls. = a w 2033 volt or, the potential drop across LC combination 
VL- Vc = 0. 
ñ Long Answer Type Questions -Il (5 marks each) 
Q. 1. (a) Draw graphs showing the variations of If the same voltage is applied across another 
inductive reactance and capacitive reactance with device Y, the same current flows but now it is in 
frequency of the applied ac source. phase with the applied voltage. 
(b) Draw the phasor diagram for a series RC circuit (i) Name the devices X and Y. 


connected to an ac source. (ii) Calculate the current flowing in the circuit when 


(c) An alternating voltage of 220 V is applied across 


. . the same voltage is applied across the series 
a device X, a current of 0.25 A flows, which lag 


z combination of X and Y. [CBSE Comptt. 2018] 
behind the applied voltage in phase by > radian. 
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Ans. (a) Drawing the two graphs A+, 
(b) Drawing the phaser diagram 1 
(c) (i) Naming the devices A+" 
(ii) Calculating the current flowing 2 
(a) The two graphs are as shown 
Xc 
Capacitive 
Reactance 
1⁄,+1 
Frequency (Hz) á 
X, 
Inductive 
Reactance 
Frequency (Hz) 


(b) (the current leads the voltage by an angle 0 where 
0<0< > ). The required phaser diagram is as shown 


l 


[Here, 0 = tan"! `. 
@CR 
(c) In device X: 
Current lags behind the voltage by 3 


<. X is an inductor. 
In device Y: 1⁄2 
Current in phase with the applied voltage. 


<. Y is resistor. 1⁄2 
We are given that 
220 
0.25 = X, 
or x, = A o=8809 7 
0.25 
r 220 
so 0.25 = R 
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220 
Xp = Doe 2= 8802 T 


For the series combination of X and Y, 
Equivalent impedance = VX? +R* = (880/2) OQ 1⁄4 


22, 
Current flowing = sent A=017A % 


[CBSE Marking Scheme, 2018] 


Q. 2. An ac voltage V = V)sin wt is applied to a pure 
inductor L. Obtain an expression for the current in 
the circuit. Prove that the average power supplied 
to an inductor over one complete cycle is zero. 


[SQP I 2017] 
Ans. Expression for current 3 
Proof 2 


(i) If an alternating voltage V = V,sin œt is applied 


across pure inductor of inductance L, then the 
magnitude of induced emf will be equal to applied 
voltage, 


E = Lo 

dt 
For the circuit, magnitude of induced emf 
= applied voltage 


pat = Vosin cot 
dt 


dl = Vo sin ot dt 
L 


Integrating both the sides, we get 
r= J sin otdt = 10 —coset 
L L W 
I= -V0 cogent = 10 sin Zot 
wL wL 2 


1=10 sinlar-=|] fX, = 00 
Xr 2 


I= anfaz) 3 
2 


(ii) The average power supplied by the source over a 


complete cycle is 
Pie = | ee ee COS 0 
When the circuit carries an ideal inductor, then 


the phase difference between the current and 


TÇ 
voltage is — 
5613 3 


In case of pure inductive circuit, 


T 
a 
T 
But cos > = 0 
So, power dissipated = 0 2 


Hence, when an ac source is connected to an ideal 
inductor, the average power supplied by the 
source over a complete cycle is zero. 


[CBSE Marking Scheme, 2017] 
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Q. 3. (i) Prove that an ideal capacitor in an ac circuit 
does not dissipate power. 

(ii) An inductor of 200 mH, capacitor of 400 uF and a 
resistor of 10 Q are connected in series to ac source 
of 50 V of variable frequency. Calculate the : 

(a) angular frequency at which maximum power 
dissipation occurs in the circuit and the 
corresponding value of the effective current, and 

(b) value of Q-factor in the circuit. 

[O.D. Comptt I, II, III 2017] 


Ans. (i) Average Power dissipation is zero 2 
(ii) Numerical 3 
(i) Try yourself, Similar to Q. 1, Long Answer Type 
Questions-I 2 
1 
ii) (a O = = 1⁄4 
(ii) (a) 0 VLC 2 
= 1 
~ (200x107 x 400 x 40°) !/2 
= an 
v8 x10” 
10° 
= ——rad/s 
V80 
= 111 rad/s. 1⁄4 
I = l| 5A 1 
R 10 
L B 
b = — = 
(b) Q ac 


1 |200x108 
10 \ 400 x 10 
[CBSE Marking Scheme, 2017] 


Q. 4. In the following circuit, calculate (i) the capacitance 
of the capacitor, if the power factor of the circuit is 
unity, (ii) the Q-factor of this circuit. What is the 
significance of the Q-factor in ac circuit ? Given 
the angular frequency of the ac source to be 100 
rad/s. Calculate the average power dissipated in 


the circuit. [O.D. Comptt I, II, III 2017] 
102 200 mH 
R L C 


V=50 V 


Ans. (i) Calculation of Capacitance 
(ii) Q-factor of circuit and its importance 


N N = 


Calculation of average power dissipated 
(i) As power factor is unity, 


Kr = Xe Ya 
1⁄2 


= = 


S| = 
"I 


1 


VSO 1 
420010? xC 


100 = 
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10 xX 2X10 10" kX C= 1 1⁄ 
Se 
210° 
= 0:5 x 10°F 1⁄4 
= 0:5 mF 1⁄2 
(ii) Quality factor Q | 2 
, — Sle 2 
RVC 
_ 1 /200x10~° 
~ 10 05x10” 
20 =2 2 
= = 2 
10 
Significance : It measures the sharpness of 


resonance. 
Average Power dissipated, 
P = V 


rms rms 


= 50x x1 W 
10 


cos 0 1 


= 250 watts 
[CBSE Marking Scheme, 2017] 


Q. 5. An ac voltage V = V„sin wt is applied to a series 
LCR circuit. Obtain an expression for the current 
in the circuit and the phase angle between the 
current and voltage. What is resonance frequency. 





A [SQP I 2017] 
Ans. (i) Expression for Current and Phase angle 4 
(ii) Resonance Frequency 1 
(i) In a series LCR circuit shown, 
R 
E € 
L 





From the phasor relation, voltages V, +V, + Ve= V, 
as Vç and V, are along the same line and in 
opposite directions, so they will combine in single 
phasor (V-+V,) having magnitude |Vem-Viml- 
Since voltage V is shown as hypotenuse of right 
angled triangle with sides as Vz and (Ve + V;,), so 
the Pythagoras Theorem results as : 


2 2 2 
Ve = VR +(Ven >] Vim) 
Va =n BY tla Xo ng 
Ve =In (R* +(Xe-X1)") 
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Now current in the circuit : 


V, 


lin = m 


m Tio 
(R? +(X¢-X,) 


V 


L, =—- as Z= 


Z 
N 
z 
N 


! R 


E 1 


Xe X: 


As phasor I is always parallel to phasor Vp, the 
phase angle @ is the angle between V, and V and 
can be determined from figure. 


tano = Vom = Vim 

Rm 

tan = — AL 
R 2 
(ii) Resonance Frequency 

Frequencies at which the response amplitude is 
relative maximum are known as system’s resonant 

frequencies. It is shown as : 

Vem = Vim 

w 
h= 2 LC 
[CBSE Marking Scheme, 2017] 


Q. 6. (i) An ac source of voltage V = V,sin œt is connected 
to a series combination of L, C and R. Use the phasor 
diagram to obtain expressions for impedance of 
the circuit and phase angle between voltage and 
current. Find the condition when current will be in 
phase with the voltage. What is the circuit in this 
condition called ? 





(ii) In a series LR circuit X, = R and power factor of 
the circuit is P4. When capacitor with capacitance C 
such that X; = Xc is put in series, the power factor 


P 
becomes P,. Calculate — . [U] [Delhi I, II, III 2016] 


2 





Ans. (i) Try yourself similar Q. 5 Long Answer Type 
Question. 


(ii) Power factor : 
eee = 

a R24 R2 (as X; = F) 

a 


a ⁄ 


Power factor when capacitor C of Reactance 
Xc = Xy is put in series in the circuit 


as Z=R (at resonance) 
Z, R 
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Ss a NEE =, — 1, 


[CBSE Marking Scheme, 2016] 
Q. 7. (i) With the help of a diagram, explain the 
principle and working of a device which produces 
current that reverses its direction after regular 
intervals of time. 


(ii) If a charged capacitor C is short circuited through 
an inductor L, the charge and current in the circuit 
oscillate simple harmonically. 

(a) In what form the capacitor and the inductor 
store energy ? 
(b) Write two reasons due to which the oscillations 
become damped. [R] 
OR 

(i) Figure shows the variation of resistance and 
reactance versus angular frequency. Identify the 
curve which corresponds to inductive reactance 
and resistance. 


B 
R, X A 


(ii) Show that series LCR circuit at resonance behaves 
as a purely resistive circuit. Compare the phase 
relation between current and voltage in series LCR 
circuit for (i) X; > Xc, (ii) X; = Xc using phasor 


diagrams. 
(iii) What is an acceptor circuit and where it is used ? 
[CBSE SQP 2015] 
Ans. (i) AC generator 
Diagram 
Principle 
Working 
(ii) (a) Capacitor — electric field 1⁄2 
Inductor — magnetic field 1⁄2 
(b) resistance of the circuit 
Radio tuning 1⁄2 
Radiation in the form of EM waves VY 
OR 
(i)B : inductive reactance 1⁄2 
C : resistance 1 
(ii)At resonance X, = Xc 1 


Increase 

Z= -Xð + RY Z= R 
Phasor diagrams 

phase difference is $ 

for Ay > Ap = Vy > Ve 


www.jeeneetadda.in 


184 | Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


e Strong permanent magnets : Magnetic field is 
perpendicular of the axis of rotation of coil. 









e Slip rings 
e Brushes 
1 Rotation of coil 
Field Motion Armature coil clockwise 
; j ri Ci 
Motion & 
af Ao | 
1 ad 
same phase, i.e. 0 = 0 2 
(iii) Acceptor circuit : Series LCR circuit 1⁄2 Shaft Cann 
Radio tuning 1⁄4 brushes 1 
[CBSE Marking Scheme, 2015] AC generator 
Ded Anvan Principle : It is based on the principle of 
I electromagnetic induction. When a coil is rotated 
(i) AC generator : ; ae 
about an axis perpendicular to the direction of 
Basic elements of an AC generator : uniform magnetic field, an induced emf is produced 
e Rectangular coil : Also called as armature across it. 1 


Working of AC Generator 


Induced: 
emf: 


0: 360°: Time —> 





i í a K 
(ii) (a) The capacitor stores energy in the form of electric (ii) At resonance, 
field and the inductor stores energy in the form of X, = Xc 1 
naan field. a r i yas, Therefore, impedance is given as : 
b) Oscillations become damped due to: 2+V2 fo a, 
@ ee of the circuit i 1⁄2 Z = JR°+(XL— a y. 
e Radiation in the form of EM waves 1, Z =R 
OR Thus, series LCR circuit at resonance behaves as a 
(i) Curve B corresponds to inductive reactance and purely resistive circuit. 
curve C corresponds to resistance. A+? For X, > Xc, V, > Vc. Therefore phasor diagram is : 
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Here, 9 is phase difference. 
For X, = Xc, Vi = Vc. Therefore phasor diagram is : 


(iii) Series resonance LCR circuit is called an acceptor 


circuit. 1⁄2 
They are widely used in the tuning mechanism of a 
radio ora TV. Vy 


Q. 8. (a) In a series LCR circuit connected across an ac 
source of variable frequency, obtain the expression 
for its impedance and draw a plot showing its 
variation with frequency of the ac source. 

(b) What is the phase difference between the voltages 
across inductor and the capacitor at resonance in 
the LCR circuit ? 

(c) When an inductor is connected to 200 V dc voltage, 
a current of 1A flows through it. When the same 
inductor is connected to a 200 V, 50 Hz ac source, 
only 0.5 A current flows. Explain why ? Also 
calculate the self inductance of the inductor. 


[Delhi LIL II 2019] 


Ans. (a) Derivation of the expression for impedance 2 
Plot of impedance with frequency 1⁄2 
(b) Phase difference between voltage across 
inductor and capacitor 1⁄2 

(c) Reason and calculation of self induction 
Zt T 


(a) 





vv, 
[Vz] on 
[v] o 
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From the figure, the pythagorean theorem gives 


Ve ae Ven + Ce s š Vom J 
Vem PZ i R, V, = L,X Ve > i Xc 


m m m 

. 1 
— 2 
Vo as ln f 


(V. ) = (i,Z) == (i R) Ë (X, E Lae) 
o, 2 = RL [X — x) 


m 


Z=. R (X, -XI 1 


[Note : award these two marks, If a student 
does it correctly for the other case ie, (Ve > Vo) 


Impedance 


N 
II 


VY, 





Frequency —— 


(b) Phase difference between voltage across inductor 


and the capacitor at resonance is 180° 1⁄2 
(c) Inductor will offer an additional impedance to ac 
due to its self inductance. 1⁄2 
R= Ye D 200 Q 
I 1 


rms 


Impedance of the inductor 
V 200 1⁄4 


Z= >= = T =4006) 
I 0.5 


rms 


Since, Z=,/R? +(X, )° 


- (400)? — (200)? =(X,)? 


X, = 600x200 = 346.4 | 1⁄4 


Inductance (L) = — M o LIH 1⁄4 
@ 2x3.14x50 5 


[CBSE Marking Scheme, 2019] 


Detailed Answer: 


(a) Series LCR circuit : 





V = Vo sin ot 


The current in each element is the same at any 
time, having same amplitude and phase. 
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Let I= [,,sin (wt + 9) 
þ = phase difference between voltage across the 
source and current in the circuit. 








Ve tV 


(b) 
(c) 


opposite direction. They can be combined into a 
single phase or |Vcem — Vim|- Vm represents the 
hypotenuse of right angled triangle whose sides 
are Vp and Vc + V, 


<. from Pythagoras theorem, 
V, = V?Rm + (Vem T Vin) 
= (I, R) + (1,Xc _ LX) 
= Pp [R + X-X1)] 


V, 
= — , where Z? = R? + (Xc - X; )2 


La 


This is the impedance of the LCR series circuit. 


Xc > XL Xy > Xc 
< ' C 


+ 











f, (Series resonance frequency 


In a resonant LCR, (Series) the voltages across L 
and C are equal and opposite in phase. 

For ac supply, reactance X; = Lo = 2zfL and for dc 
supply, X; = 0 as f = 0 thus coil offers no opposition 
to the flow of dc through it. While for ac there is 


I = current in the circuit ; Vi, Vp, Vc and V are resistance, current is reduced. 


voltages across inductor, resistor, capacitor and 
source 


Self-inductance, L of inductor : 


Given, f = 50 Hz, i = 0.5 A, E = 200 V 
Amplitudes of Vp, Vc and V, are : E 


Vim = LR, Vom = L,Xc, Vim = LX XL _ z: _ 0.5 = 400 W 
”. volt tion for circuit, 
voltage equation for circui m X, = 2nfL 
Vi + V. + Ve = V | ne X _ 400 O 400 _ 
Q Vc and V, are always along the same line and in i: Wi; nf = 3x314x50 314 1.27 H 


TOPIC-3 


AC Generator and Transformer 





Revision Notes 


AC generator 
> An alternator is an electrical machine which converts mechanical energy into alternating electrical energy. 


> Alternator or a synchronous generator has a stator and rotor. 
Scan to know 


more about 


> It is similar to the basic working principle of a dc generator. this topic 


> It works on the principle of electromagnetic induction where a coil gets rotated in uniform 
magnetic field, sets an induced emf given as : 
e = eo sin œt = NBA® sin œt 


AC Generator 
and Transformer 


Transformer 





> Transformer is an electrical device used for changing the alternating voltages. 


> It is based on the phenomenon of mutual induction. 
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> The main use of transformer is in transmission of ac over long distances at extremely high voltages which reduces 


the energy losses in transmission. 
> It comprises of two sets of coils which are insulated from each other and are wound on soft-iron core. 


> In this, one of the coil is called as primary (input coil) having N, turns while other coil is secondary (output coil) 


having N, turns, so we have 


= — = — k 


I, N, = 
I p 


ean 
E, 1, 


N 
pal > and I, =| — p 
N, N, 


> Transformer Ratio : 


N S Vs 
x y is defined as the transformer ratio. 
P Vp 
Ny W 
The value of turns ratio of a transformer — = 1 H 
S S 
> Step-up transformer : If secondary coil has more number of turns than primary (N, > N,), voltage gets stepped up 
(V, > V). 
In this, there is less current in secondary as compared to primary ( an >1 and I, < I). 
N, á 
The value of transformer ratio k>1 


> Step-down transformer : In this, the secondary coil has less number of turns than primary (N, < N,). In this, 
V, < V, and I, > I, as voltage gets stepped down or reduced with increase in current. 


In this, value of transformer ratio k<1 


> The main use of transformers is in stepping up voltage for power transmission. 
> Electric power can be transmitted efficiently at high voltages than at low voltages due to less (R) heat loss in a high 


voltage / low current transmission. 
Soft iron-core 


> Efficiency of transformer : 
_ Output power 


Input power 
Ed, 
E,I, 


Arung 
Arung 
Arepuosas 





n = 





> Inspite of heavy power losses, the efficiency in a transformer is usually above 90%. 
> An ideal transformer is 100% efficient as it delivers all energy it receives. 
> Real transformer is not 100% efficient and at full load, its efficiency lies between 94% to 96%. 
> A transformer operating with constant voltage and frequency with very high capacity, efficiency results as 98%. 
> Energy losses in transformers : 
1. Flux Leakage 
2. Resistance of windings 
3. Eddy currents 
4. Hysteresis 


Know the Formulae 


"m" Ne ly 
E, L N, 


N N, 
> V. Ëy and I. |z), 


> The value of transformer ratio is greater than 1 for step up transformer and less than 1 for step-down transformer. 


_ Esl, 


Epl 





>n 
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> efficiency = 


4 


— 
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Output power x100% 


Input power 


_ Input power — Losses x 100% 


Input power 


Objective Type Questions 


> e = e,sin wot = NBA® sin wt 


> I = e _ NBAosin ot 
r R 


(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Ans. 


An inductor of reactance 1 Q and a resistor of 
2 Q are connected in series to the terminals of a 
6 V (rms) AC source. The power dissipated in the 
circuit is : 
(a) 8 W (b) 12 W 
(c) 14.4 W (d) 18 W 

[NCERT Exemplar] 
Correct option : (c) 
Explanation : 


Here, E see V K. =10,R=2Q,P,, =? 


We know that, average power dissipated in the 
circuit is given by, 
D; = | sane ee coso 
= EO = Ems 
rms Jd Z 
Z= |J2+X2 = Ja+1= /5 Q 
r y. 


rms J5 


coso = 


I 


ZA 
v5 


P =6xL x<- Ë w 


V5 V5 


N| 


. The output of a step-down transformer is 


measured to be 24 V when connected to a 12 W 
Light bulb. The value of the peak current is : 


(a) 1/V2 A (b) V2 A 
(c) 2A (d) 2V2 A 
[NCERT Exemplar] 


Correct option : (a) 
Explanation : Given, 
Power associated with secondary, P, = 12 W 
Secondary voltage, V,=24 V 
P, 12 


Current in the secondary, Í, = V4 =0.5 A 


Peak value of the current in the secondary, 


I, = I V2 =(0.5)(1.414) = 0.707 or- A. 


ta 


Q. 3. Which of the following quantity is increased in a 


step down transformer? 
(a) Current (b) Voltage 
(c) Power (d) Frequency [R] 


Ans. Correct option : (a) 
Explanation : In case of a step up transformer, the 
voltage decreases and the current increases because 
the power is same in both primary and secondary coil. 
Q. 4. Electrical energy is transmitted over large 
distances at high alternating voltages. Which of 
the following statements is not correct? 
(a) For a given power level, there is a lower current, 
(b) Lower current implies less power loss 
(c) Transmission lines can be made thinner 
(d) It is easy to reduced the voltage at the receiving 
end using step -down transformers 


Ans. Correct option : (c) 
Explanation : 
Power = Voltage x Current 


As voltages are high so currents are lower. This is 
done to reduce the resistive losses. 


Resistance Loss = Į? R 


So, lower current implies less power loss. 
As resistance is inversely proportional to their 
diameter; hence decreasing their diameter by x 
will increase resistance by x° and hence increasing 
power loss hence not done. 
As voltage required for domestic and commercial 
uses are pretty less then they can be easily brought 
down by step-down transformers. 

(II) FILL IN THE BLANKS 


OQ. L. The. 2. sa voltage cannot be stepped up or 
down using a transformer. 

Ans. direct. 

Q. 2. The dynamo is based on the principle of.............. ; 

R 

Ans. electromagnetic induction. 

Q.3. The power losses in a transformer can be 
minimised by using a material of ............... 
hysteresis loss . [R] 

Ans. low. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1.Mention the two characteristic properties of the 
material suitable for making core of a transformer. 
[RI 
Ans. Any two of the following : 
(i) Low coercivity / Low retentivity 1⁄2 
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(ii) Low hysteresis loss 1⁄2 
OR 
(i) High magnetic susceptibility / High Permeability 
Vy 
(ii) High resistivity 1⁄2 


Q. 2. Show a plot of variation of alternating emf versus 
time generated by a loop of wire rotating in a 
magnetic field. [Delhi I, II, III 2014] 


emf = NBAcoso(T -*) 





1 
[CBSE Marking Scheme, 2014] 


À Short Answer Type Questions 


Q. 1. State the underlying principle of a transformer. 
How is the large scale transmission of electric 
energy over long distances done with the use of 
transformers ? [R] 


Ans. A transformer is based on the principle of mutual 
induction which states that due to continuous 
change in the current in the primary coil, an emf 
gets induced across the secondary coil. 1 
Electric power generated at the power station, is 
stepped-up to very high voltages by means of a 
step-up transformer and transmitted to a distant 
place. At receiving end, it is stepped down by a 
step-down transformer. 1 

Q. 2. An athlete peddles a stationary tricycle whose 
pedals are attached to a coil having 100 turns each 
of area 0-1 m2. The coil, lying in the X — Y plane, is 
rotated, in this plane, at the rate of 50 rpm, about 
the Z-axis, in a region where a uniform magnetic 


Q. 1. (a) Name the device used to change the alternating 
voltage to a higher or lower value. State one cause 
for power dissipation in this device. 

(b) Explain with an example, how power loss is 


Å Long Answer Type Questions-l 
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Q. 3. Does the step down transformer violate the 
principle of conservation of energy? 

Ans. No, it does not violate the principle of conservation 
of energy. If a voltage is increased, the current is 
decreased in the same ratio and the product VI 
(power) remains constant. 

Q. 4. Why do we prefer carbon brushes than copper in 
an ac generator? [R] 

Ans. The carbon brushes used in case of the generator 
are corrosion free. On small expansion on heating, 
it maintains the proper contact as well. 

Q.5. What is the relationship between the 
transformation ratio and the voltage? [R] 

Ans. If all the magnetic flux due to any current in the 


primary is linked with the secondary then, 
N, — Vs = k 
N ` Vp 





where k is the transformation ratio 


(2 marks each) 


= N 
field, B = (0.01)k tesla, is present. Find the 


(i) maximum emf 
(ii) average emf generated in the coil over one 
complete revolution. [CBSE SQP 2013] 
Ans. (i) The maximum emf “ey generated in the coil is, 
£o = NBA@ 1⁄2 
= NBA2nf 


50 5 
( rpm P. rps z ) 


[100 x 0.01 x 0.1 x 2r] V 


R 
g V = 0.52 V 1 


(ii) The average emf generated in the coil over one 
complete revolution = 0 1⁄2 


(3 marks each) 


reduced if the energy is transmitted over long 
distances as an alternating current rather than a 
direct current. [Delhi I 2018] 
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Ans. 
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À Long Answer Type Questions - Il 


Q. 1. (i) Describe, the working principle of a step-up 
transformer with the help of a suitable diagram. 
Obtain the relation between input and output 
voltages in terms of the number of turns of primary 
and secondary windings and the currents in the 


input and output circuits. 


(ii) Given the input current 15 A and the input voltage 
of 100 V for a step-up transformer having 90% 
efficiency, find the output power and the voltage 


in the secondary if the output current is 3 A. 


|R] [Foreign I, IL II 2017] 


Ans. (i) Diagram v2 
Principle ⁄ 
Relation between voltage, number of turns, and 
Currents 2% 

(ii) Input power 1⁄2 
Output power 7 
Output voltage 1⁄2 


Soft iron-core 


Arung 
Areuttig 
Arepuosas 





(i) (ii) 
Working principle 


Whenever current in one coil changes, an emf 


gets induced in the neighbouring coil 1 


C, 
qa ora code 


ft Ob sz dtebbed 


od coat b Hh 
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A hE wii + 


[Topper's Answer, 2018] 


(5 marks each) 


Voltage across secondary 


d 
V. =b = _ N; S 1 
Voltage across primary 
x. do 

m si is 
V; N, 
— = (Here, N, > N,) ⁄ 
Ve P Í 


In an ideal transformer 
Power Input = Power output 


LV = LV. ⁄ 
I 
V, N, I, 
(ii) Input power, P; = I; x V; = 15 x 100 = 1500 W % 
Power output, Po = P; x Lue 1350 W 1⁄2 
100 
Output voltage, Vo = Vv = 450 V 1⁄2 


[CBSE Marking Scheme, 2017] 


Q. 2. (a) State the principle of working of a transformer. 
(b) Define efficiency of a transformer. 
(c) State any two factors that reduce the efficiency of a 
transformer. 
(d) Calculate the current drawn by the primary of a 
90% efficient transformer which steps down 220 V 
to 22 V if the output resistance is 440 Q. 
[CBSE Comptt. I, II, III 2018] 
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Ans. (a) Principle of working 1 (c) (i) Eddy current losses 
(b) Defining efficiency 1 (ii) joule heat losses 
(c) Any two factors y+, (iii) hysteresis losses 
(d) Calculating the current drawn 2 (iv) magnetic flux leakage losses (Any two) 
(a) A tansformer works on the principle of mutual OC y os 
induction. i = 90% = 0.9 
(Alternatively-an emf is induced in the secondary ce 
coil when the magnetic flux, linked with it changes 22, _ 0.9 
with time due to a (time) changing magnetic flux Š 2201, 
linked with the primary coil). L 09 
(b) The efficiency of a transformer equals the ratio of or L Qi 2 
the output power to the input power. i 
Alternatively : 22 
"Q output power tate = Me 
Efficiency =  inputpower power i. p 9 9 
Efficiency = ie = _ls 
Volp 180 
= 0.0056 A 


[CBSE Marking Scheme, 2018] 
[AT] Q. 3. (i) Draw a labelled diagram of an ac generator. Obtain the expression for the emf induced in the rotating coil 
of N turns each of cross-sectional area À, in the presence of a magnetic field B ; 
(ii) A horizontal conducting rod 10 m long extending from east to west is falling with a speed 5.0 ms” at right 


angles to the horizontal component of the Earth’s magnetic field, 0.3 x 103 Wb m”. Find the instantaneous 
value of the emf induced in the rod. [O.D. Set III 2017] 


Ans. (i): 2atateng gh a union magnet? _ _ 
assoctatecl cocth the cod! ` 


SCOR ` ` | L. — _ 


to Ute. thine eharnge | 
a ay : Sis ick 
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Q. 4. (i) Drawalabelled diagram ofa step-up transformer. 
Obtain the ratio of secondary to primary voltage in 
terms of number of turns and currents in the two 
coils. 

(ii) A power transmission line feeds input power at 
2200 V to a step-down transformer with its primary 
windings having 3000 turns. Find the number of 
turns in the secondary to get the power output at 
220 V. [Delhi I, III 2017] 


Ans. (i) Labelled diagram of a step up transformer 12 
Derivation of ratio of secondary and primary 
voltage 2 

(ii) Calculation of number of turns in the secondary. 
1% 


Soft iron-core 


Arepuosas 


Arung 





(i) Try yourself, Similar to Q. 1 (a) Long Answer Type 








Questions-II. 3% 
N, V. 
p p 
N, _ 220 7 
3000 2200 
N, = 300 1, 


[CBSE Marking Scheme, 2017] 





~ Octt pat 


O WO! 4.94 


[Topper's Answer, 2017] 


Q. 5. (i) Draw a labelled diagram of ac generator. Derive 
the expression for the instantaneous value of the 
emf induced in the coil. 

(ii) A circular coil of cross-sectional area 200 cm? and 
20 turns is rotated about the vertical diameter with 
angular speed of 50 rad s7 in a uniform magnetic 
field of magnitude 3.0 x 10° T. Calculate the 
maximum value of the current in the coil. 

[Delhi I, II, HI 2017] 


Ans. (i) Labelled diagram of ac generator 1% 
Expression for instantaneous value of induced 
emf. 1% 
(ii) Calculation of maximum value of current 2 
(i) Labelled diagram : 

Try yourself, Similar to Q. 3(a), Long Answer Type 
Questions-II 3 

(ii) Maximum value of emf 
e) = NBAw 1⁄2 


= 20 x 200 x 107 
x3x102x50V % 


= 600 mV Y, 
Maximum induced current, 
ea 600 
SR R å A 


[Note 1 : If the student calculates the value of the 
maximum induced emf and says that "since R is 
not given, the value of maximum induced current 
cannot be calculated", the 1⁄2 mark, for the last part, 
of the question, can be given.] 
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[Note 2 : The direction of magnetic field has not 
been given. If the student takes this direction 
along the axis of rotation and hence obtains the 
value of induced emf and, therefore, maximum 
current, as zero, award full marks for this part.] 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 


(i) Expression : 


If at any moment, t be the perpendicular vector to 
the plane of coilthat makes an angle 0 with direction 
of magnetic field (B), so flux passing through the 
coil will be : 

0 = nBA cos 9 

0 = œt 

[w=angular velocity of the coil] 

Now, 


[ 193 


ò= nABcos ot 1 
If e is instantaneous induced emf produced in the 
coil, then 
do 
dt 
d(nABcos wt) 
dt 
= — nABo(— sin ot) 1⁄2 
Maximum value or peak value of instantaneous 
induced emf e which is attained when sin wt = +1 
Cmax = NWAB 
So, e = e, Sin wt 
As value of sine function varies from +1 to —1, 


polarity of emf changes with time. Also the output 
voltage is sinusoidal in nature. 1 
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UNIT-V CHAPTER 
Electromagnetic 


Waves 





Syllabus 


> Electromagnetic waves, their characteristics, their Transverse nature, waves. 
> Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, X-rays, gamma rays) 
including elementary facts about their uses. 


Chapter Analysis 


Electromagnetic Waves Q 
and Maxwell's g 
Equations (2 ae 
Electromagnetic Spectrum Q 
2Q al e (3 A (1 mie 
(2 marks) 


TOPIC-1 


Electromagnetic Waves and Maxwell's Equations 














Revision Notes 


TOPIC - 1 
> As per Ampere Maxwell law, line integral of magnetic field around Electromagnetic Waves and Maxwell's 
any closed path is equal to u, X (sum of conduction current and Equations .... P. 195 
displacement current through that path.) TOPIC - 2 
Le., $B.dl = ull. + 1] Electromagnetic Spectrum .... P. 203 


Dy 
$B.di = ud. + ue, Oe 


d 
= Wole + UE gA 


This proves that change in electric field E, is responsible for the induction of magnetic field. 


Electromagnetic waves and their characteristics Scan to know 
> EM waves are produced by accelerated charged particles. this cae 


> The electric and magnetic fields produced by accelerated charge change with time, which 
radiate electromagnetic waves. 





Example : 
> Electron jumping from its outer to inner orbits radiates EM waves. Hlechomarnctic 
> Electrical oscillations in LC circuit produce EM waves. — 
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> Electric sparking generates EM waves. 
Characteristics of EM waves : 
> EM waves are propagated as electric and magnetic fields oscillating in mutually perpendicular directions. 
> EM waves travel in vacuum along a straight line with the velocity 2.997924591 x 108 m/s which is often assumed 
as 3 x 10° m/s. 
> EM waves are not affected by electric and magnetic fields. 
> Relation between electric and magnetic field components is : 





By = Ege 
1 
where, c=3x 108 m/s. & c = 
Vio €o 
The A and f are related as c = f. where À is the wavelength and f is the frequency. 


Transverse nature of electromagnetic waves 


> In electromagnetic wave, electric and magnetic field vectors are perpendicular to each other in the direction of 
propagation of wave which shows its transverse nature. 





> Aplane EM wave travelling in the x-direction is of the form: 
E(x, t) = E_ cos (kx — ot + 9) 
B(x, t) = B „cos (kx — ot + 9) 
where, E = electric field vector, B = magnetic field vector 
> In this, wave propagates along z-axis, the electric and magnetic field propagation will be: 
E = Ẹsin (kz — œt) 
B = B, sin (kz — œt) 
> Gauss Law : For electricity, electric flux of closed surface equals to the charge enclosed divided by permittivity. 


max 


> > 
s. 
€o 


For magnetism, total magnetic flux of the closed surface is zero 
> > 
$B.dA=0 


> Electromagnetic waves : Waves that can travel through the vacuum of outer space and do not need the presence 
of material medium for transporting energy from one location to another. 


Know the Formulae 
> For the EM waves, the energy density is given by 


Ug = Zeo? (Due to electric field) 


1B? 
Us = >— (Due to magnetic field) 
2 Mo 


> The energy transported by EM waves per unit area per second is called Poynting vector ( S ) 





> > B 
It is given by S=Ex—. 
Ho 
Since, E l B , hence S= a . 
Ho 
> In EM waves, the total energy density of EM waves is 
2 
2 2 Ho 
B? B 
U= e967 =— As, £= | 
Ho vlogo 
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> The variation in magnetic field causes electric field and vice versa. 


> > > > 
> Inthe EM waves E L B,both E and B are in the same phase. 
> Inthe EM waves: E = E sin (wt — kx), B = B, sin (wt — kx). 


> > > > 
> The EM waves travel in the direction of E x B i.e., EM waves propagate perpendicular to both E and B: 
Maxwell’s Equations : 


> > Q 
1. d E.dA = (Gauss's Law for electricity). 
E0 


> > 

2. d E.dA = 0 (Gauss’s Law for magnetism). 
> > d 

3. d E.dl = sea (Faraday’s law). 


4. § Bal dl=ul,+ bye PE E (Ampere-Maxwell Law). 


wis, Type Questions (1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 





Q.1. Light with an energy flux of 20 W/cm’ falls on a Explanation : Power of bulb = 100 W 
non-reflecting surface at normal incidence. If the Intensity at a distance 3m is E. 
surface has an area of 30 cm? the total momentum ae P a 100 d 100 
delivered (for complete absorption) during 30 A Sua xx 3° 
minutes is : — 100 | tt ie 
(a) 36 x 10° kg m/s. (b) 36 x 10“ kg m/s. On 
(c) 108 x 10t kg m/s. (d) 1.08 x 10’ kg m/s. E at a distance of 3m produced by 50 W bulb, 
[NCERT Exemplar] E, =e watt / m° =Ü watt /m? 
Ans. Correct option : (b) nr’ oT 
Explanation : Energy flux= =20 W/cm? E _ 100 _ 50 
Area A= 30 cm2, time t=30 X60 sec E, Mm 9n 
U= Total energy falling in t sec E, 100 9r 
= Energy flux x Area x time = At R E Om 5 
U= 20x30x30x60 J E 
Momentum of the incident light => E, = ey 
= = = gt = 36x10*kg-ms™ Q. 3. If E and B represent electric and magnetic field 
vectors of the electromagnetic wave, the direction 
For no reflection and complete absorption of propagation of electromagnetic wave is along : 
momentum of reflected radiation is zero. (a) E. (b) B. 
Momentum delivered to surface (c) BxE. (d) ExB. 
= Change in momentum [NCERT Exemplar] 


=p, — p; = 0-36x 10% kgm/s Ans. Correct option : (d) 
Explanation: The direction of propagation of 





= -36 x 10* kg m/s electromagnetic wave is perpendicular to E and B 
(-) sign shows the direction of momentum. both and by right thumb rule. 
Q. 2. The electric field intensity produced by the 
radiations coming from 100 W bulb at a 3 m E] 


distance is E. The electric field intensity produced 
by the radiations coming from 50 W bulb at the 
same distance is : 





a. 
y— 


E 
(a) > (b) 2F. | 
s V2 (d) V2E. The direction of propagation of electromagnetic 
[NCERT Exemplar] wave is perpendicular to both the electric field 


Ans. Correct option : (a) vector E and B magnetic field vector B, i.e., in the 
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Ans. 


Ans. 


Ans. 
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direction of E x B. 
Here, electromagnetic wave is along the z-direction 
which is given by the cross product of E and B. 


. The ratio of contributions made by the electric 


field and magnetic field components to the 
intensity of an EM wave is: 


(a) c :1. (b) c2:1. 
(c) 1:1. (d) Ve :1. 
[NCERT Exemplar] 


Correct option : (c) 
Explanation : Average energy by electric field E, 


is Us 
1 
Uu, = Pe B 
But E, = cB, 


1 1 
(u, aie field — 9 €, (cB, ) = 2 £ cB; 


LB vëz 


HoEo HoEo 





1 
~ 5 © 


(u = 


av odei field — 2, B; (LI 


av asas field) 


Ratio = (U,,,)electric field _ Lie, L. 1 


(U,,,)magnetic field 5 


. An EM wave radiates outwards from a dipole 


antenna, with E, as the amplitude of its electric 
field vector. The electric field E, which transports 
significant energy from the source falls off as : 


1 

(a) 73° (b) =: 
(c) L, (d) remains constant. 

[NCERT Exemplar] 
Correct option : (c) 
Explanation: A diode antenna radiates the 
electromagnetic waves outwards. The amplitude of 
electric field vector (E,) which transports significant 
energy from the source falls intensity inversely as 
the distance (r) from the antenna. As we know that 
electromagnetic waves are radiated from dipole 


antenna and radiated energy E œ 2 


. Which of the following represents the correct 
sequence for the basis of electromagnetic wave 
propagation? 
(a) Propagation, generation, reflection and 
reception. 

(b) Generation, reception, reflection and 
propagation. 

(c) Generation, propagation, reception and 
reflection. 

(d) Generation, propagation, reflection and 
reception. 


Correct option : (d) 

Explanation: The travelling of wave is based on 
generation, propagation, reflection and subsequent 
reception of waves by the receiver. The type of 
electromagnetic waves generated depends on many 
factors but mainly, on the nature of the electrical 
signal used to generate the waves in a particular 
case. 


Q. 7. The electric field of an electromagnetic wave in 


Ans. 


free space is given by 
E = 10cos(10’t +kx)j V/m 


where f and x are in seconds and metres 
respectively. It can be inferred that : 
(i) The wavelength À is 188.4 m 

(ii) The wave number k is 0.33 rad/m 
(iii) The wave amplitude is 10 V/m 

(iv) The wave is propagating along +x direction 
Which one of the following pairs of statements is 
correct? 

(a) (iii) and (iv) 

(c) (ii) and (iii) 
Correct option : (d) 


(b) (i) and (ii) 
(d) (i) and (iv) 


Explanation : As given 

E = 10cos(107t + kx) 

E = E,cos(wt + kx) 

Amplitude E, = 10 V/m and o = 10’ rad/s 


(i) 
... Gi) 


27 
8 
or Te oe = 188.4m 
10 
7 
Also, c = = or, k = 2o 10 20033 
k c 3x10 


The wave is propagating along y direction. 


Commonly Made Error 


e The students get confused while comparing the 
given equation with the standard equation of wave; 
thereby writing the wrong values of k and angular 
frequency. 


Answering Tip 


e The calculations must be checked thoroughly after 
the completion of the question by putting the values 
in respective formulae. 





(II) FILL IN THE BLANKS 


Q.1. 


The pressure exerted by electromagnetic waves in 
known as....................... : [R] 


Ans. Radiation Pressure. 


Q. 2. The transverse waves are those waves in which 


the vibration of particles and propagation of wave 
BO EEA eater to each other. 


Ans. perpendicular. 


Q. 3. 


If the electric field is along X- axis and magnetic 
field is along Y- axis, then wave will propagate 
along ................ : 


Ans. Z - axis. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 
Q. 1. Name the current which can flow even in the 


absence of electric charge. 
[ SQP 2018, SQP II 2017; NCERT Exemplar] 
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Ans. Displacement Current. 1 Ans. The properties of electromagnetic waves are 
[CBSE Marking Scheme, 2018] similar to other waves as it carry both energy 

Q. 2. Professor C.V. Raman surprised his students by and momentum due to which it exerts radiation 
suspending a tiny light ball freely in a transparent pressure. A tiny ball can be suspended freely in 


a transparent vacuum chamber by shinning a 
laser beam on it as electromagnetic wave exerts 
radiation pressure. According to him, the tails of 
the comets are due to radiation pressure. 1 

[CBSE Marking Scheme, 2017] 


Q. 3. In which situation there exist a displacement current, but no conduction current ? |U] [Outside Delhi III 2016] 


pried o clin placemink_ cLbrent, bur ne conducHon cumenti 


vacuum chamber by shining a laser beam on it. 
Which property of EM waves was he exhibiting? 
Give one more example of this property ? 


[SQP II 2017; NCERT Exemplar] 


(Bg: Bewan te ptälio o} a Capa heri uban. is bai 
_ — dwg tee = = ` 


[Topper’s Answer, 2016] 





Q. 4. Name the phenomenon which shows the quantum nature of electromagnetic radiation. [U[O.D. Set-III, 2017] 





Ans. fhe quantum naiuse of electgormagnstté._2adfatcon 
y shown by the phenomenon of pholoelecelafc effect 


[Topper’s Answer, 2017] 





Q. 5. Write the expression for speed of electromagnetic [Alternatively, Give full credit, if student writes 
waves in a medium of electrical permittivity £ and Ep 


magnetic permeability u. c = 


= 1 
Bo 
[Foreign I, II, III 2017] 


[CBSE Marking Scheme, 2017] 


Ans. Formula Q. 8. A capacitor has been charged by a dc source. 
e= 1 1 What are the magnitudes of conduction and 

Jue displacement currents, when it is fully charged? 

Alternatively, R 

1 Ans. Conduction and displacement currents are both 


Cys 1 zero. 
y HoU,Eo€, 


Q. 9. What oscillates in electromagnetic waves? Are 


[CBSE Marking Scheme, 2017] these waves transverse or longitudinal? 

Q. 6. Do electromagnetic waves carry energy and Ans. (i) The electric and magnetic fields oscillate 

momentum ? [O.D. I 2017] in mutually perpendicular directions in 
Ans. Ye 1 electromagnetic waves. 


[CBSE Marking Scheme, 2017] (ii) Electromagnetic waves are transverse in nature. 
1 


Q. 10. The relative electric permittivity of a medium is 
Detailed Answer : ; iia 2 
9 and the relative permeability is close to unity. 

EM waves carry energy and momentum without 


having mass and can exert pressure which isknown 
as radiation pressure. These waves like other waves medium? 
carry energy as they travel through empty space Ans. « Electrical permittivity g = ¢.¢, > € = 9, 

without which, it wouldn’t be able to heat or 
generate photo current in photo cells. 1 


What is the speed of electromagnetic waves in the 


Magnetic permeability, u = u.. u > u = 1p, 


š : ; 1 
Q.7. How is the speed of EM-waves in vacuum ^ Speed of em wave in the medium, v = A 
determined by the electric and magnetic fields? 
c 


T 





[Delhi L II, III 2017] sa tO 
(9€)(1o) V9 3 
Ans. Speed of EM waves is determined by the ratio 
of the peak value of electric and magnetic field 1 
vectors. 1 oe =p=epi 
Ho Eo 
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Short Answer Type Questions 


(2 marks each) 





Q. 1. How does Ampere-Maxwell law explain the flow 


of current through a capacitor when it is being 
charged by a battery ? Write the expression for the 


particle moves with acceleration, both magnetic 
and electric fields change continuously which lead 
to production of electromagnetic waves. 


displacement current in terms of the rate of change 

of electric flux. [U! [Delhi I, II, IIT 2017] 
Ans. Explanation of flow of current through capacitor1 
Expression for displacement current. 1 


During charging, electric flux between the plates 
of capacitor keeps on changing; this results in the 


(ii) Diagram : Try yourself, Similar to Q. 3, Very Short 
Answer Type Questions. 
Q.3. The magnetic field in a plane electromagnetic 
wave is given by B, = 12 x 10™ sin (1.20 x 10’z + 
3.60 x 101570). Calculate the : 
(i) Energy density associated with the Electromagnetic 





production of a displacement current between waves 
the plates. (ii) Speed of the wave. (Al [CBSE SQP 2017-18] 
I4 = £0 ral = eA | Ans. Given : 
(i) Magnetic field in plane electromagnetic wave 
[CBSE Marking Scheme, 2017] B = 12 x 10% sin [1.20 x 107z + 3.60 x 10151] 
Q. 2. How is electromagnetic wave produced ? Draw Row B 212 x 40% T 


a sketch of a plane EM wave propagating along 
X-axis depicting the directions of the oscillating 


Speed of light p. = 3x10" m/s 


From the relation : 


electric and magnetic fields. E = B c 1⁄4 
(U| [Delhi Comptt. I, II, III 2017] = 412x108 x 3 x 108 
Ans. Production of EM waves. 1 E, = 36 V/m 
Diagram depicting the oscillating electric and Now Energy Density can be calculated using : 
magnetic fields. 1 L 6 
E Density = —€9E 7 
Electromagnetic waves are produced due to p Sr —— wy 5° — 
oscillating/accelerating charged particles. 1 


Energy Density = a x (8.85 x 107”) x (36)? 


Energy Density = 5.734 x 10° J/mš 1⁄4 
(ii) Magnetic field in plane electromagnetic wave 
p = 12 x 10° sin [1.20 x 107z + 3.60 x 10"t] 





CBSE Marking Scheme, 20171 pee oo. 
| eee 2017] œ = 3.6 x 1015 
Detailed Answer : 
Since, 
(i) Production of EM wave : 
Electromagnetic waves consist of both electric and À = = and f = = 
T 


magnetic fields travelling through empty space 
with the speed of light c. These waves oscillate in 
perpendicular planes with respect to each other 
and are in phase. An electromagnetic wave can be 
created by accelerating charges; moving charges 29 _ 5 x Ems n 
back and forth, producing oscillating electric and 

magnetic fields. When the accelerating charged 


Hence the speed of wave : 


o = À X f 


[CBSE Marking Scheme, 2017] 


Q. 4. (a) Why are infra-red waves often called heat waves ? Explain. 
(b) What do you understand by the statement, ‘Electromagnetic waves transport momentum” ? 


[CBSE D/OD 2018] 
Ans. (a) Reason for calling IR rays as heat rays 1 
(b) Explanation for transport of momentum 1 


(a) Infrared rays are readily absorbed by the (water) molecules in most of the substances and hence increase their 


thermal motion. 
(If the student just writes that “infrared rays produce heating effects”, award 1⁄2 mark only) 1 
(b) Electromagnetic waves can set (and sustain) charges in motion. Hence, they are said to transport momentum. 
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(Also accept the following : Electromagnetic waves are known to exert ‘radiation pressure’. This pressure is due 
to the force associated with rate of change of momentum. Hence, EM waves transport momentum). 1 


Detailed Answer : 


[CBSE Marking Scheme, 2018] 


vad Wan, am -Wim called on West monta 
_medwatoly wonm- owl — 





Q.6. A plane electromagnetic wave of frequency 25 
MHz travels in free space along the x-direction. 
At a particular point in space and time, E = 


6.3 j V/m. What is B at this point ? 


[SQP II 2017] 
Ans. The magnitude of B is 
B=Ë 
ë 
fh, 63V/m 
= 3x10°m/s 
= 2.1 x 10°T 


To find the direction, we note that E is along 
y-direction and the wave propagates along x-axis. 
Therefore, B should be in a direction perpendicular 


+ 
to both x and y-axes. Using vector algebra, Ë x B 
should be along x-direction. 


Since, (+7) x (+k) =i so, B is along z-direction and 


121 10°" T. 1 
[CBSE Marking Scheme, 2017] 
Q. 8. How does a charge q oscillating at certain 
frequency produce electromagnetic waves ? 


Sketch a schematic diagram depicting electric 
and magnetic fields for an electromagnetic wave 
propagating along the Z-direction. 
Ans. When the motion of the charge accelerates, then 
there will be change in electric and magnetic 


fields with respect to space and time which 
generates electromagnetic waves. So we see that an 


EN 


[Topper's Answer, 2018] 


accelerated charge will give electromagnetic waves. 
In an oscillatory L-C circuit, a charge oscillates 
across the capacitor plates. This oscillating charge 
has a non-zero acceleration; hence it emits 


electromagnetic waves of frequency same as that of 

the oscillating charge. 

The figure shows the graphical representation of 

an electromagnetic wave where the electric field 
> > 

vector E and the magnetic field vector B are 


vibrating along Y and X-directions respectively, and 
the wave is propagating along Z-direction. Both É 


= 
and B vary with time and space and have the same 
frequency. [as (Ej x Bk) =-EBi | 
Direction of Propagation : 


> 
Envelope of E 





B 
E X 
Envelope of B 


. A capacitor made of two parallel plates, each 


of area ‘A’ and separation ‘d’ is charged by an 
external dc source. Show that during charging, the 
displacement current inside the capacitor is same 
as the current charging the capacitor. 


[O.D. 1 2019] 
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Ans. For writing expression for total current 1 
For showing that displacement current is the 
same as the current charging the capacitor 1 
I= 1 +i, 
where, i, is conduction current and 1, is 
displacement current. 

Outside the capacitor 1, = 0 so i = 1, 12 
Inside the capacitor i_ = 0 so í = i} 12 


[CBSE Marking Scheme, 2019] 


Detailed Answer: 


Q.10. 


% Long Answer Type Questions-I 


Q. 1. 


The charge on the plates is because of the conduction 
current flowing in the wires. 


dq 
| =— ...(1 


According to Maxwell’s equation, displacement 
current between the plates is given by, 


dd, . 
I, = £, — .. (il 
5E Gi) 
where, @, is the electric flux. 
Now, using Gauss theorem, 
k= 
Ep 
So, from equation (ii) 
dj 4 
I, =£, —| — 
amet 5 
dq oii 
I, =— me 
ay (iii) 


Therefore, form equation (i) and (iii) both, the 
displacement current and conduction currents are 
equal. 

Considering the case of a parallel plate capacitor 
being charged, show how one is required to 
generalize Ampere’s circuital law to include the 
term due to displacement current. 


[O.D. I, IL III 2014] 


(i) How are electromagnetic waves produced ? 
Explain. 


(ii) A plane electromagnetic wave is travelling through 


a medium along the +ve z-direction. Depict the 
electromagnetic wave showing the directions of 


the oscillating electric and magnetic fields. 
[Foreign I, II, III 2017] 


Ans. (i) Try yourself, Similar to Q. 2, Short Answer 


Type Questions 1 


(ii) Try yourself, Similar to Q. 8, Short Answer Type 


Questions 1 
[CBSE Marking Scheme, 2017] 


Ans. Ampere circuital law, 


Q. 11. 


And 


> > 
PB.dl = ud Vp 
between the plates of capacitor, 
I= 0 
> > 
PB.dl =0 4 
Which is impossible, as there is magnetic field. 
Modified ampere circuital law, 
> > 
PB.dl = polle + Ip) 1 
= Di — £ 405 1 
where, I, = Displacement current = £, gee yh 


For a plane electromagnetic wave, propagating 
along the z-axis, write the two (possible) pairs 
of expressions for its oscillating electric and 
magnetic fields. How are the peak values of these 


(oscillating) fields related to each other ? 


[U] [Foreign 2016] 
Ans. For the EM wave, propagating along the z-axis, 
we have 
E = Ẹsin (kz + œt) and B = B sin (kz + œt) 1⁄2 
The two possible forms are : 
E. = E,sin (kz — œt) 1⁄2 
B, = B,sin (kz — œt) 
E; = Esin (kz + œt) 1⁄2 
B. = B,sin (kz + at) 
We have, E, = cB, 1⁄2 


[Do not deduct any mark if the student uses 
any of the two signs ( — or +) in the two sets of 
expression. | 2 


[CBSE Marking Scheme, 2016] 


(3 marks each) 


Q. 2. How are EM waves produced by oscillating 


charges ? Draw a sketch of linearly polarized EM 
waves propagating in the Z-direction. Indicate the 
directions of the oscillating electric and magnetic 
fields. 


OR 


Write Maxwell’s generalization of Ampere’s 
Circuital Law. Show that in the process of charging 
a capacitor, the current produced within the plates 


of the capacitor is í = £, ao, 


at 
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Where 6, is the electric flux produced during 
charging of the capacitor plates. 


UJ [Delhi I, II, III 2016] 


Ans. (i) Try yourself, Similar to Q. 9, Short Answer 
Type Questions 


1 
OR 


> > 
Ampere’s circuital law is given by as j B.dl = hl. 


But for a circuit containing capacitor, during 
its charging / discharging the current within 


the plates of the capacitor varies, (producing 
displacement current 1,,). 


TOPIC-2 


Electromagnetic Spectrum 


1 
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Therefore, the above equation, as generalized by 


ee 
Maxwell, is given as $B dl = Holc + Holp 1 


During the process of charging of capacitor, 
electric flux (,) between the plates of capacitor 
changes with time, which produces the current 
within the plates of capacitor. This current, being 


proportional to a we have 


i = oe 1 


[CBSE Marking Scheme, 2016] 


Scan to know 


more about 





this topic 
esa ! | [s] 3 /o 
> Classification of EM-waves is based on their frequency or wavelength range. 
> EM radiations are classified as per the frequency and wavelength of wave such as radio waves, [s] rs 
microwaves, infrared radiation, visible light, ultraviolet radiation, X-rays and gamma rays. a U petis 
Frequency (in Hz) Wavelength (in m) 


1 o” -14 
10” 10 
LOs 
107 Gamma rays ID a 
10” 107 z 
1 o” 








X- rays l g” E 
10” ak 
j o” 1 0; 
16 ° 
10'° Ultraviolet ’ S 
10” # 49 
a Visible 10° 
10 s + 
10” Infrared r > 
10” 1o 
10” i yi 
Microwaves 1 0% 
10 K 
ae Short radio waves 10° % 
1 O° i x 
10° {Television and FM radio — oa ` 
10’ ` 
10° AM radio 10° ` 
5 1 O° k! 
10 A ` 
10 ` 
10° Long radio waves——ə >> O° ` 
1 ` 
10° ` 
10? 10° 
ið 10’ 


400 nm 
Violet 
450 Indigo 
Blue 
500 nm 
Green 
550 n 
Yellow 
600 
Orange 
650 nm 
Red 
700 n 


Types of Electromagnetic waves (radio waves, microwaves, infrared, visible, ultraviolet, X-rays, gamma rays) 


> Electromagnetic waves require no medium to travel or propagate. 


> Varying electric and magnetic fields are the sources of electromagnetic waves. 


> Electromagnetic waves are transverse waves which are characterized by their amplitude, wavelength, or distance 
between highest/lowest points. 
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> In electromagnetic waves, a crest is the highest point of the wave and through the lowest point of wave in a cycle. 
crest crest crest 


4A 


—b , 
trough trough 


a = Amplitude 
b = wavelength 
Electromagnetic spectrum is divided into following regions : 


The electromagnetic spectrum is the distribution of electromagnetic radiation in terms of energy, frequency, or 
wavelength. The electromagnetic radiation can be described as a stream of photons travelling in a wave like 
pattern, at the speed of light. 


Near-infrared 7.5% 10" 0.75 um — 3.0 um 
— - 10 


Uses of Electromagnetic waves : 


Band Designation Applications 





Audible Acoustics 


Extremely Low Frequency (ELF) Radio Electronics, Submarine Communications 
Infra Low Frequency (ILF) Not applicable 
Very Low Frequency (VLF) Radio Navigation, Weather 


Low Frequency (LF) Radio Navigation, Maritime Communications, Information and Weather 
Systems, Time Systems 


Medium Frequency (MF) Radio Navigation, AM Radio, Mobile Radio 
High Frequency (HF) Radio Citizens Band Radio, Mobile Radio, Maritime Radio 


Very High Frequency (VHF) Radio Amateur (Ham) Radio, VHF TV, FM Radio, Mobile Satellite, Mobile 


Radio, Fixed Radio 


Ultra High Frequency (UHF) Radio Microwave, Satellite, UHF TV, Paging, Cordless Telephone, Cellular 
and PCS Telephony, Wireless LAN (WiFi) 


Ultraviolet (UV) Photocells, kill bacteria and germs. 





www.jeeneetadda.in 


ELECTROMAGNETIC WAVES [ 205 


Types of Electromagnetic waves, wavelength range, Production and Detection : 


Radio > 1:0 x 10'm Rapid acceleration and | Receiver’s aerials 
decelerations of electrons in 
aerials 

0.1 m -1.0 x 10°m Klystron valve or magnetron | Point contact diodes 
valve 


Infra-red 1.0x10°m-—700 x 10’ m_ | Vibration of atoms and molecules | Thermopiles 
Bolometer, Infrared 
photographic film 


Light 700 x 10° m -400 x 10° m | Electrons in atoms emit light | The eyes, Photocells 
when they move form one energy | Photographic film 
level to a lower energy level 

Ultraviolet 400 x 10°m -1.0 x 10°? m | Inner shell electrons in atoms Photocells 

ae moving from one energy level to Photographic film 
a lower level 


X-rays 1.0 x 10°m -1.0 x 10-2m | X-ray tubes or inner shell electrons | Photographic 
film, Geiger tubes 
lonisation chamber 


Gamma rays <10 x 10m Radioactive decay of the nucleus | Photographic 
film Geiger tubes 
Ionisation chamber 





Know the Terms 


> Electromagnetic waves : The waves that are generated from changing of electric and magnetic fields. 

> Gamma rays : Rays with smallest wavelengths and highest frequencies having high energy capable of travelling 
long distances through air and these are most penetrating. 

> X-rays : These are the rays with long and small wavelengths having higher energy as compared to ultraviolet 
radiation. 

> Ultraviolet (UV) radiation : It is a part of electromagnetic spectrum that lies between X-rays and visible light. 

> Visible light : It is a visible spectrum which is part of electromagnetic spectrum which can be seen by human 
eyes. 

> Infrared (IR) radiation : These are thermal radiations which is part of electromagnetic spectrum that lie between 
visible light and microwaves. 

> Radio waves : Waves with long wavelengths used in television, cell phone and radio communications. 


1 Objective Type Questions (1 mark each) 





e 
(D MULTIPLE CHOICE QUESTIONS in case of remote sensing? 
Q.1. What is the wavelength of light waves if their (a) X-ray (b) Visible ray 
frequency is 5.0X10'4 Hz? (c) Thermal IR (d) Radio waves [R] 
(a) 0.60 m (b) 6.0 mm Ans. Correct option : (a) 
(c) 0.060 mm (d) 0.60 um Explanation : Gamma rays, X-rays and UV rays will 


be absorbed by the atmosphere so that the sensor 
of the satellite can’t use the facilities that can be 
provided by these rays. The major point that needs 


Ans. Correct option : (d) 
Explanation : The relationship between wavelength 


s sos. to be kept in mind is that these rays have very less 
Wavelength = Speed of light wavelength. | | 
frequency Q. 3. The range of electromagnetic waves varies from 
to 
_ 3x10°m/sec ie at Í 
5X1OH; (a) Meters to cee ers 
F (b) Meters to micro-meters 
=0.6x10°m ; 
(c) Nano to micro-meters 
= 0.6 um. 


(d) Centimeters to nano-meters [R] 


Q. 2. Which among the following wave is not employed Ans. Correct option : (a) 
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Explanation: The electromagnetic wave is a 
continuum of energy that undergoes certain 
propagations. During this course, it may experience 
some undulations, which result in decrease of the 
wave length capacity. Generally, these may lie in 
the range of meters to nano-meters. 
(II) FILL IN THE BLANKS 

Q.1. Moving along the electromagnetic spectrum, 
energy increases as the wavelength .............. š 

Ans. decreases. 

OQ 2 uwa qaya are produced in a nuclear reactions and 
also emitted by radioactive nuclei. 

Ans. Gamma rays. 

Q. 3. By rapid acceleration and deceleration of electrons 
in conducting wires ...................... are produced. [R] 

Ans. Radio waves. 

(III) VERY SHORT ANSWER TYPE QUESTIONS 

Q. 1. Name the phenomenon which shows the quantum 

nature of electromagnetic radiation. 
[U[O.D. I, II, III 2017] 


Ans. Photoelectric Effect (Raman Effect/Compton 
Effect) 1 
[CBSE Marking Scheme, 2017] 
Q. 2. Why are microwaves considered suitable for 
radar systems used in aircraft navigation ? 
[Delhi I, II, ITI 2016] 


Ans. Due to their short wavelength. 1 
[CBSE Marking Scheme, 2016] 
Detailed Answer: 
Microwaves are considered good for radar systems 
used in aircraft navigation as these waves have 
shorter wavelength range from 103 m to 0.1 m, 
which makes them suitable for long range 
communication as high frequencies used to bounce 
from even smallest aircraft. 1 
Q.3. Name the electromagnetic radiations used for 
(a) water purification, and (b) eye surgery. 

[Delhi & O.D. 2018] 


Ans. (a) Ultra violet rays 1⁄4 
(b) Ultra violet rays/Laser 1⁄2 
[CBSE Marking Scheme, 2018] 


Q. 4. Name the electromagnetic waves those are 
widely used as a diagnostic tool in medicine. 
[CBSE SOP 2018] 


Ans. X-rays. [CBSE Marking Scheme, 2018] 


Q. 5. To which part of the electromagnetic spectrum 
does a wave of frequency 3 x 10” Hz belong ? 
[R] [O.D. I, II, III 2014] 


À Short Answer Type Questions 


Q. 1. Compare the following : 
(i) Wavelengths of the incident solar radiation 
absorbed by the earth’s surface and the radiation 

re-radiated by the earth. 
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Ans. Infrared region. 1 
[CBSE Marking Scheme, 2014] 
Detailed Answer : 
The frequency 3x 10° Hz belongs to infrared region 
of electromagnetic spectrum. Vy 
Infrared radiation 
[wavelength 10“ m — 10%m, frequency 1014 Hz 
- 10” Hz] Vy 
Q. 6. To which part of the electromagnetic spectrum 


does a wave of frequency 5 x 10” Hz belong ? 
[R] [O.D. I, II, ITI 2014] 


Ans. X rays/Gamma rays. 1 
[CBSE Marking Scheme, 2014] 


Detailed Answer : 
In electromagnetic spectrum, there is no sharp 
boundary of frequency among X-rays/Gamma 
rays as frequency range of X-rays is 10% Hz-1016 
Hz where as Gamma rays frequency ranges from 
102 Hz-10" Hz, so waves with frequency 5 x 
10” Hz belongs to both X rays/Gamma rays of 
electromagnetic spectrum. 1 


Q.7. You are given a 2uF parallel plate capacitor. 
How would you establish an instantaneous 
displacement current of 1mA in the space between 
its plate ? 

Ans. The capacitance of capacitor C = 2uF, 
Displacement current I, = 1 mA 
Charge in capacitor, q = CV 


I, dt = CdV [<q = it] 
or ae 
dt 
1x10? = 210% x £ 
dt 
or dV _1 4103 = 500V/s 
dt 2 


Hence, by applying a varying potential difference of 
500 V/s, we would produce a displacement current 
of desired value. 


Q. 8. How does the energy of an electromagnetic wave 
related to its wavelength? What is the value of the 
ratio of energy of wave to that of its frequency? 


Ans. The energy of an electromagnetic wave is related to 


its wavelength as E = = 


The ratio of energy of wave to that of its frequency 
is known as the Planck’s constant whose value is 
given by 6.63 x 1034 Js. 


(2 marks each) 


(ii) Tanning effect produced on the skin by UV 
radiation incident directly on the skin and that 
coming through glass window. 


[CBSE SQP 2018-19] 
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Ans. (i) Radiation re-radiated by earth has greater 
wavelength 1 

(ii) Tanning effect is significant for direct UV radiation; 

it is negligible for radiation coming through the 
glass. 1 
[CBSE Marking Scheme, 2018] 


Q. 2. Identify the electromagnetic waves whose 
wavelengths vary as : 
(i) 10- m < À < 10% m 
(ii) 10% m < À < 10 m 


Write one use for each. [O.D. I 2017] 


Ans. (i) Identification 1,+1⁄, 
(ii) Uses Wty 
(i) X-rays Vy 
Used for medical purposes. ve 


(Also accept UV rays and gamma rays and any 
one use of the EM wave named) 
(ii) Microwaves 1 
Used in radar systems. VY; 
(Also accept short radio waves and any one use of 
the EM wave named) 
[CBSE Marking Scheme, 2017] 
Detailed Answer : 


(i) Wavelength 10? m < A < 10% m shows the 
existence of X-rays 


The radiation of X - rays takes place due to electron 
transitions among upper and lower energy levels 
of heavy elements that are excited by electron 
bombardment. X-rays are mainly used in medicine 
and dentistry which can be detected using 
photographic film. 1 

(ii) Wavelength 10° m < À < 10-1m shows the existence 
of Microwaves. 


Microwaves are produced by magnetron which are 
used in radar, telemetry and electron spin resonance 
studies and in microwave ovens. Microwaves are 
detected with crystal detectors or solid-state diodes. 1 
Identify the electromagnetic 
wavelengths lie in the range 
(i) 10%m < À < 104 m 
(ii) 10¢m < À < 10® m 

Write one use of each. 


waves whose 


Q. 3. 


[O.D. II 2017] 


Ans. (i) Identification A+ 
(ii) One use each 1+1⁄, 
(i) X-rays/Gamma rays VY 
One use of the name given 1⁄ 

(ii) Infrared/Visible/Microwave 1⁄2 
One use of the name given V2 


(Note : Award % mark for each correct use 
(relevant to the name chosen) even if the name 
chosen are incorrect.) 

[CBSE Marking Scheme, 2017] 
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Detailed Answer : 

(i) Wavelength range of 107! m < À < 1074 m shows 
the presence of both X-rays and Gamma rays as 
Gamma-rays has wavelength ranges from 10-4 m 
- 10" m while the X-rays wavelength ranges from 
10- m - 10° m. 

Uses : 

(a) Gamma-radiations are used in medical treatment 
and for checking flaws in metal castings and for 
detection by photographic plates or radiation 
detectors. 

(b) X-rays are used in medicine and dentistry, and may 
be detected using photographic film. 1 

(ii) Wavelength range of 10“ m < À < 10° m shows the 
presence of Infrared, Visible and Microwave. 

Uses : 

(a) Infrared radiation is useful for haze photography 
and is used by Earth resource satellites to detect 
healthy crops. 

(b) Visible light affects photographic film, stimulates 
the retina in the eye and causes photosynthesis in 
plants. 

(c) Microwaves are used in radar, telemetry and 
electron spin resonance studies and in microwave 
ovens. 1 

[AI] Q. 4. (i) How are microwaves produced ? Why is 
it necessary in microwave ovens to select the 
frequency of microwaves to match the resonant 
frequency of water molecules ? 


(ii) Write two important uses of infrared waves. 


Ans. (i) Microwaves are produced by special vacuum 
tubes like the Klystron / Magnetron / Gunn 
diode. 1⁄2 
The frequency of microwaves is selected to match 
the resonant frequency of water molecules, so 
that energy is transferred efficiently to the kinetic 
energy of the molecules. 1⁄4 

(ii) (a) Associated with the greenhouse effect. 1⁄2 
(b) In remote switches of household electrical 
appliances. [CBSE Marking Scheme, 2014] 1⁄4 


Q. 5. Find the wavelength of electromagnetic waves of 
frequency 5 x 10” Hz in free space. Give its two 


applications. [O.D. I, II, III 2014] 


c 3x108 
v 5x0“ 





Ans. A= =6x10"m=0.06A 1 


This wavelength corresponds to X-rays which are 


used : 
(i) as a diagnostic tool, 1; 
(ii) as a treatment for certain forms of cancer. % 


[CBSE Marking Scheme, 2014] 
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Q. 1. Name the type of EM waves having a wavelength 
range of 0.1 m to 1 mm. How are these waves 
generated ? Write their two uses. 

[O.D. comptt II 2017] 


Ans. Name of EM wave 1 
Method of generation 1 
Two uses 1⁄2": 1⁄2 
Microwaves 1 
Produced by special vacuum tubes 1 
Klyston, magnetron, gunn diodes 
Uses : 


(i) In Radar system for aircraft navigation 
(ii) In ovens for heating/cooking 2 to 
[CBSE Marking Scheme, 2017] 


Detailed Answer: 
(i) Microwaves : Wavelength 10+ m -10-1m, frequency 
10! Hz - 10’ Hz 1 

(ii) Generation : 
Microwaves are produced by valves like magnetron 
or using a maser. They are detected with crystal 


detectors or solid-state diodes. 1 
(iii) Uses : 
(a) Used in radar 1⁄ 
(b) Used in telemetry 1⁄2 
OR 
(a) Used in electron spin resonance studies 1⁄2 
(b) Used in microwave ovens for heating food 1⁄2 


Q. 2. Identify the type of waves which are produced 
by the following way and write one application for 
each : 

(i) Radioactive decay of the nucleus. 
(ii) Rapid acceleration and decelerations of electrons 
in aerials. 
(iii) Bombarding a metal target by high energy 
electrons. IR [CBSE SQP 2015-2016] 


Ans. 


Type of wave Application 


Radio and television 
Communication system 


(iii) Study of crystals 


od | 
[CBSE Marking Scheme, 2016] 
Q.3. Mrs. Rajlakshmi had a sudden fall and was 
thereafter unable to stand straight. She was in great 
pain. Her daughter Rita took her to the doctor. The 
doctor took a photograph of Mrs. Rajlakshmi’s 
bones and found that she had suffered a fracture. 
He advised her to rest and take the required 
treatment. 
(a) Name the electromagnetic radiation used to take 
the photograph of the bones. 


(ii) | Radio waves 
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(3 marks each) 


(b) How is this radiation produced ? 
(c) Mention the range of the wavelength of this 
electromagnetic radiation. 
(d) Write two values displayed by Rita. 
[R| [CBSE Comptt. I 2018] 


Ans. (a) Name of e.m. radiation 1 
(b) Method of production 1 

(c) Range of wavelength 1 

(d) Two values 1+1 

(a) X-rays 1⁄2 
(b) By using X-rays tubes 1⁄2 


(Alternatively : By bombarding a metal target 
with high energy electrons) 

(c) Wave length range of X-rays is from (1.0 nm to 

1.0 pm) 1 

(d) Alertness, empathy; concern for her mother, 

knowledgeable (any two) 1+1 

[CBSE Marking Scheme, 2018] 


Note for the Students 


This was part of value based question. This 


section is removed now. However part-a, b and c 
of this question may come in Long Answer Type-I 
Questions. 





Q. 4. (a) Identify the part of electromagnetic spectrum 
used in (i) radar and (ii) eye surgery. Write their 
frequency range. (b) Prove that the average 
energy density of the oscillating electric field 
is equal to that of the oscillating magnetic field. 


[Delhi LILIII 2019] 
Ans. (a) Identification 1⁄2 + 1⁄4 
Frequency Range vey 
(b) Proof 
Microwaves : Frequency range 
(~10"° to 10“ Hz) Ya 1⁄2 
Ultraviolet rays : Frequency range 
(~10* to 10” Hz) Ya 1⁄2 


[Note : Award B5 marks for frequency 


ranges even if the student just writes the correct 
order of magnitude for them]. 
(b) Average energy density of the electric field 
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= Average energy density of the magnetic 
field. 
[Note : Award 1 mark for this part if the student 
Just writes the expressions for the average energy 
density of the electric and magnetic fields]. 
[CBSE Marking Scheme, 2019] 
Detailed Answer : 
(a) Frequency range for : 
1. Radar : Microwaves — 1012 — 1010 Hz 
2. Eye surgery : UV radiations — 10” — 104 Hz 
(b) From Maxwell’s equation, magnitude of electric 


and magnetic fields in an electromagnetic wave 
are related as 


E 
By; = — 
c 
1 
Velocity, v= — 
VHE 
ZENG 
LAN EAN 
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where, u = magnetic permeability 
g = permittivity of material medium 


1 


a VU o&o 


In a region of free space with electric field E, energy 
2 
density = g, = 





Magnetic energy density associated with magnetic 
2 
field = Po 
ZU, 


using B, = — in above equation given magnetic 
c 


2 2 
energy density = = _ “ea 
c AMo 


The two energy densities are equal. 
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UNIT- VI CHAPTER 
OPTICS 





Syllabus 


> Refraction of light, total internal reflection and its applications, optical fibres, refraction at spherical 
surfaces, lenses, thin lens formula, lens-maker’s formula, magnification, power of a lens, combination 
of thin lenses in contact. 

> Refraction of light through a prism. 

> Optical instruments : Microscopes and astronomical telescopes (reflecting and refracting) and their 
magnifying powers. 


Chapter Analysis 








Reflection through Glass 
Slab, Prism & Lenses and 
Total Internal Reflection 2Q 1Q 


(3 i (3 marks) (2 marks) (3 marks) 


(5 marks) (5 ae 


Optical Instruments 1Q 


20 10 10 10 a i 


(2 marks) (3 marks) (5 marks) (3 marks) 10 
(2 marks) 





TOPIC-1 


Refraction through Glass Slab, Prism, Lenses 
and Total Internal Reflection 





Revision Notes 
> Refraction of light : Refraction is deviation of light when it obliquely 


travels from one medium to another medium. Snell experimentally ied S Pa through Glass Slab, Prism, 
found the following laws of refraction. Lenses and Total Internal 
Laws of Refraction of Light Reflection sa R211 
> The incident ray, the refracted ray and the normal to the interface of TOPIC - 2 
two transparent media, at the point of incidence, all lie in the same Optical Instruments P. 229 


plane. 
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> The ratio of sine of angle of incidence to the sine of angle of refraction is a constant, for the light of a given colour 
and for the given pair of media. This constant value is called the refractive index of the second medium with 


respect to the first medium. 
sini 
—— = constant (1) 
r 
This is known as Snell's law. 
> From Snell’s law 
sini = sin r X n,,. 
It shows that if <i = 0 then Zr is also zero. This proves that the light rays do not deviate when they travel 
normally from one medium to another. 
> Ifthe first medium is air, then the refractive index is known as the absolute refractive index of the second medium. 


The absolute refractive index of a medium is expressed by 


velocity of light in free space i 
a velocity of light in mediun — v ia Wde 


> If light ray enters from one medium to another medium in such a way that bending of light move away from 
normal then second medium is optically rarer than the first medium. If bending of light is towards normal, then 
second medium is optically denser than the first medium. 
Principle of Reversibility 
> According to the principle of reversibility, the path of light is reversible even if it is going through several media. 
It means light follows exactly the same path when its direction is reversed. 


> Applying this rule, we may find that if light travels through several media say medium 1 to medium 2 and then 
to medium 3 then to medium 1. 


Ny, X Nz X n), = 1 
> Though refraction rules are universal but direction of emergent ray depends upon the shape of the medium or in 
other words shape and angle between incident and emergent interfaces (refracting surfaces). 
Refraction through glass slab 
> Ina glass slab, refracting surfaces are plane and parallel to each other. 


> Emergent ray is parallel to the incident ray but it suffers lateral displacement. 





> The apparent depth of the object is always less than actual depth when looking through glass or water . 


1 
Rise of image = Real depth L = j 
21 
Real depth 


Here, z 2 1 a 
Apparent depth 


Noy 
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Observer 


WS 


> The following phenomena occur due to the refraction of light :- 
° Bottom of surface of water pool seems to be raised. 
° The letter appears to be raised when we observe it through a glass slab 
° Object looks bigger than its actual size and raised when we dip it into liquid. 
° Twinkling of stars 
° Delayed sunset and early sunrise 


Refraction through Prism 
> In prism, refracting surfaces are planes but inclined to each other. 
>  Refracting ray always bends towards the base. 
> Angle of deviation , ò = (i-r) + (e — r.) 
> Angle of minimum deviation : When incident angle is gradually increased, the angle of deviation initially 


decreases and after obtaining a minimum value, it starts increasing again. This angle obtained at the lowermost 
point is called angle of minimum deviation 6, . 


DS 
° 
o] 







Oo 
° 
O 


Angle of deviation (8) 
> 
° 





30° 


0° 20° 40° 60° € 80° 





Angle of incidence (i) 
(i) i +e =ò + A Here, i= e ...(i) 
(ii) r, +r, =A ...(ii) 
° At minimum deviation stage, it is observed that angle of 1, = i, (= 1) and r, = r, (= r) , then 

A ee 

r= — .... using (ii) 
2 

. Ó, +A eae 

i= 5 .... using (i) 


- ny sin[A / 2] 


As angle of prism and deviation can be found experimentally, this equation is used to determine the refractive 
index of the material of prism. 


v 


For thin prism, ó, = (n, — 1)A. This equation implies that thin prisms do not cause much deviation of light. 


> When light travels from an optically denser medium to a rarer medium at the interface, it is reflected into the 
same medium at a certain angle. This reflection is called the internal reflection. 


e Critical angle is that value of incident angle for which angle of refraction is 90°. The refracted ray just brushes 
the surface. The critical angle for water-air, glass-air and diamond-air are 45°, 42° and 24° respectively. 
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1 


(where, C is critical angle) 
sinC 





niz = 


° If the incidence angle is more than the critical angle, refraction is not possible and incident ray reflects in 
denser medium. This process is known as total internal reflection. 
> Hence, the conditions for total internal reflection are : 
° The light should travel from denser medium to the rarer medium. 
° Angle of incidence should be larger than the critical angle. 
> Natural phenomenon based upon total internal reflection 
° Mirage: On hot summer days, light from tall objects successively bends away from the normal due to gradual 
air density decrease towards the earth. This results total internal reflection and formation of inverted images 
of distant tall objects. It causes an optical illusion to the observer. This phenomenon is called mirage. 
° Brilliance of diamond : Refractive index of diamond is very high (n = 2.42). Their brilliance is mainly due to 
the total internal reflection of light inside it. 
> Applications of total internal reflection : 
¢ For optical communication in optical fibres. 
° Prism : Prisms designed to bend light by 90° or by 180° make use of total internal reflection. Such a prism is 
also used to invert images without changing their size. 






TIR interface 





5 TIR interface 


TIR — Total internal reflection 
> Refraction at spherical surface : If the rays are incident from a medium of refractive index n,, to another medium 
of refractive index n,, the formula comes out to be 
AW _ n m 
v u R 


Where, R = radius of curvature of spherical surface and object is placed at rarer medium. 
u = object distance from spherical surface 
v = image distance from spherical surface 
> Lens: A lens is a piece of transparent glass which is bounded by two surfaces out of which at least one surface is 
spherical . 
There are two types of lenses : 
° Convex lens: A convex lens is one which is thinner at sides and thick at centre. 
° Concave lens: A concave lens is one which is thicker at sides and thin at centre. 
> Relation between object distance, image distance with focal length of lens: 


The relation can be expressed as 
1 1 


Oo H 


— 


> Magnification by lens : 
_ height of the image (h') _ v 
height of the object (h) u 
> Power ofa lens: 
The power of a lens is defined as the reciprocal of its focal length. It is represented by the letter P. The power P of 
a lens of focal length f is given by 
P=— 
f 
The SI unit of power is diopter when focal length is in metre. It is denoted by D. Hence, one diopter is a power of 


lens whose focal length is 1 metre. 
° When two or more lenses are combined, then the power of combined lens is sum of individual power of 


lenses. 
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> Lens maker’s Formula: Scan to know 

1 11 pan 
n 
== (ng — oz = =] (a = “2 ) 
f R. R, ni : 
1 
Power of a lens, p= — 
f (m) Lens Maker's 


> 


> 





Formula 
So, the above formula is used to make lenses of required power. Hence, this formula is known 


as lens maker’s formula. 
° Image formation in convex lens for different positions of object 


Between focus F, and | On the same side of | Enlarged Virtual and erect 
optical centre the lens as object 


° Image formation in concave lens for different positions of object 


Position of the object Position of the image Relative size of the image Nature of the image 
At infinity Highly diminished point sized | Virtual and erect 








Between infinity and the | Between focus F, and | Diminished Virtual and erect 
optical center O of the | optical center O 


Dispersion of white light through Prism : Splitting of white light into its constituent colours is known as 
dispersion of light. This is due to the various colours having different deviations. 


° The seven colours are violet, indigo, blue, green, yellow, orange and red. The acronym of this colour band is 
VIBGYOR. 

° Different colours of light have different wavelengths and different frequency in medium. This is the cause of 
dispersion. 

° In vacuum, the speed of light is independent of wavelength. Thus, vacuum (or air approximately) is a non- 
dispersive medium in which all colours travel with the same speed. This also follows from the fact that 
sunlight reaches us in the form of white light (combination of all colours) and not as its components in day 
(noon) time. On the other hand, glass is a dispersive medium. 

° Angular dispersion through thin prism = ò,- 6, = (ny —1,)A. The relation shows that it depends upon the 
angle of prism A. 


Sy — Ok _ My Mk jg independent of A. It is property of dispersive material. 


° Power of dispersion, œ = 
dy hy 


° Recombination of white light : If we place an inverted identical prism after the first prism, all components 
colours of light recombine again and became a beam of white light. 


Phenomenon related to dispersion of light : 


° Formation of Rainbow : Rainbow is the natural phenomenon of dispersion of light. After a rain shower 
when sky becomes clear and sunny, we may observe a rainbow in a direction opposite to the direction of sun 
when sun is at our backside. It is caused due to the combined effect of refraction, total internal reflection and 
dispersion of sunlight by the raindrops suspended in the air. 

° In primary rainbow, there is only single total internal reflection before different colours reach observer’s eye. 
In this rainbow, observer watches red colour at top and violet at bottom. 

° In secondary rainbow, there are two total internal reflections before different colours reach observer’s eye. In 
this rainbow, observer watches violet colour at top and red at bottom. 

° Secondary rainbow is higher ( 50° — 53°) on sky than the primary rainbow (40° — 42°). 

° Intensity of secondary rainbow is lower than the primary rainbow. 
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Know the Formulae 


V 


; sini 
Snell's law of refraction —— = constant (7,,) 
sinr 


= x C 
nN, = 
(4 


Ny, X n,, X ni = 1 


> Rise of image = Real depth i = =) 
na 


> Deviation through prism ó = (i -r,) + (e —r,) 


> For thin prism, ó, = (n,,-1)A 
> Relation between refractive index, angle of prism and minimum deviation 
sin Pat) 
n = 
21 TA 
sin] — 
2 


> The conditions for Total internal reflection are 
° Thelight must travel from the denser medium. 
° Angleofincident should be larger than critical angle. 





1 
> N= 
21 sinC 
> Forlens 1=1-1 & m=- -8 
v u h u 


> Power of lens P = 1 


> When two or more lenses are combined then the power of combined lens is sum of individual power of lenses. 


eS 2-1 on 
aso, fz =] [a =) 


> Angular dispersion through thin prism = ó — ó = (n, — n) A. 


> Lens maker's Formula 


> Power of dispersion œ = Š, —Š, seo n, 


Š; n, 


A Objective Type Questions (1 mark each) 





e 
(D MULTIPLE CHOICE QUESTIONS r, = 0° 
Q. 1. A ray of light incident at an angle 0 on a refracting ASW wena -A 
face of a prism emerges from the other face ntn B Acr 
S 


normally. If the angle of the prism is 5° and the 


prism is made of a material of refractive index 1.5, G s s 
the angle of incidence is : Pee ye 
(a) 7.5° (b) 5° i e= smt 
(c) 15° (d) 2.5° Sin T| 
[NCERT Exemplar] sini, = usin r, 
Ans. Correct option : (a) = 1.5 x sin 5° 
Explanation : Given that, = 1.5 x 0.087 
x z = 0.1305 
i, = 0° = 7.5° 
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Q. 2. 


Ans. 


Ans. 


. There 


A passenger in an aeroplane shall : 
(a) never see a rainbow. 
(b) may see a primary and a secondary rainbow as 
concentric circles. 
(c) may see a primary and a secondary rainbow as 
concentric arcs. 
(d) shall never see a secondary rainbow. 
[NCERT Exemplar] 
Correct option : (b) 
Explanation: A passenger in an aeroplane may 
see primary and secondary rainbow as concentric 
circles due to the dispersion of sunlight. 


. The optical density of turpentine oil is higher than 


that of water while its mass density is lower. Figure 
shows a layer of turpentine floating over water ina 
container. For which one of the four rays incident 
on turpentine in Figure, the path shown is correct? 





Air 
Turpentine 

oil 

Water 
(a) 1 (b) 2 
(c) 3 (d) 4 

[NCERT Exemplar] 

Correct option : (b) 


Explanation : u, < Up > by 

As incident ray passes from air to turpentine oil to 
water it means, from rarer to denser then denser to 
rarer. So, first it bends towards normal then away 
from normal thereby the correct option is ray 2. 

are certain materials developed in 
laboratories which have a negative refractive 
index (Figure). A ray incident from air (medium 
1) into such a medium (medium 2) shall follow a 


path given by: 
(a) 





2 
[NCERT Exemplar] 
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Ans. 
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Correct option : (a) 

Explanation : The negative refractive index materials 
are those in which incident ray from air (medium 1) 
to (medium 2) then it refracts or bends differently 
or opposite and symmetric to normal to that of 
positive refractive index medium. 





É 
For negative 
refractive index 


. A double convex lens, lens made of a material of 


refractive index u, is placed inside two liquids or 
refractive indices u, and u, , as shown. p,>p,>p,- 
A wide, parallel beam of light is incident on the 
lens from the left. The lens will give rise to : 





(a) A single convergent beam 

(b) Two different convergent beams 

(c) Two different divergent beams 

(d) A convergent and a divergent beam 
Correct option : (d) 

Explanation: As u,>w,, the upper half of the lens 
will become diverging. As u >u, the lower half of 
the lens will become converging. 


. A beam of light consisting of red, green and blue 


colours is incident on a right angle C prism. The 
refractive index of the material of the prism for the 
above red, green and blue wavelengths are 1.39, 
1.44 and 1.47 respectively. 


A 


Blue z 
Green 
Red 


B >c 
The prism will : 
(a) not separate the three colours at all 
(b) separate the red colour part from the green and 
blue colours 
(c) separate the blue colour part from the red and 
green colours 
(d) separate all the three colours from one another. 
Correct option : (b) 
Explanation : As beam of light is incident normally 
on the face AB of the right angled prism, ABC. so 
no refraction occurs at face AB and it passes straight 
and strikes the face AC at an angle of incidence, 
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i = 45° For total reflection to take place at face AC, 
i > L. Or sint > sini, 
where i is the critical angle. 


But as here i = 45° and sini, = 1 


H 
~ sin 45° > = TES > 2 
u 2 h 
or p>V2=1.414 
AS L,.g(= 1.39) < u(= 1.414) 
while u... (= 1.44) and 


My 6 1.47) > is (= 1.414), 

So, only red colour will be transmitted through face 
AC while green and blue colours will suffer total 
internal reflection. So the prism will separate red 
colour from the green and blue colours as shown in 
the following figure. 


Red 





Q. 7. The sparkling of a diamond is due to 
(a) total internal reflection of light 
(b) interference of light 
(c) polarisation of light 
(d) refraction of light [R] 
. Correct option : (a) 
Explanation : Diamonds sparkle because of the total 
internal reflection of light. They have a very high 
refractive index, which means that they slow the 
light down much more than glass; and if cut in the 
right manner, the angles of incidence can be made 
in sucha way that light seems to get ‘trapped’ within 
the diamond giving it the sparkly appearance. 


(II) FILL IN THE BLANKS 


Q. 1. The convex lens acts as a plane glass sheet in a 


An 


(ea) 


liquid, when both have same .................... š 

Ans. refractive index. 
Q. 2. The principle of working of an optical is ................. 
R. 


Ans. total internal reflection. 

Q. 3. The reflecting prisms are preferred over the plane 
mirror because they do not........................... . R 

Ans. form any ghost image / absorb any light. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q.1. How does the angle of minimum deviation of 
a glass prism vary, if the incident violet light is 


replaced by red light ? Give reason. IR [OD 2017] 
Ans. (i) Decreases 1⁄2 
Gi) mu, > ra VY 


[CBSE Marking Scheme, 2017] 


Violet 
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Detailed Answer : 

We know, ò, = (n, — 1)A. Hence, larger the 
refractive index, larger will be the deviation. As 
refractive index of glass for violet is more than the 
refractive index of glass for red, the deviation will 
decrease if the incident violet light is replaced by 
red light. 1 


Q. 2. Why does sun appear red at sunrise and sunset ? 


(RI [O.D. 2016] 


Ans. At the time of sunrise or sunset, sun is at horizon. 
Hence, sunrays have to travel longer distance 
before reaching to our eye. During this travel 
shorter wavelength gets scattered as we receive 
only longer wavelengths i.e., red, orange. This is 
the reason sun appear red at sunrise and sunset. 1 

[CBSE Marking Scheme, 2016] 


Q. 3. An object is placed in front of convex lens made 
of glass. How does the image distance vary if the 
refractive index of the medium is increased in such 
a way that still it remains less than the glass? 

[R] [CBSE SQP 2016] 


Ans. From the lens maker's formula, it is clear that fa 
decreases when focal length increase. 1⁄2 


l a “ee l eye 
pat "z A [ra] 


Here, the refractive index of the glass with respect 
to surrounding material decreases. Hence, focal 
length increases which will also increase the 
image distance. 1⁄4 


[CBSE Marking Scheme, 2016] 


Q. 4. A ray of light is incident on a medium with angle of 
incidence ‘7’ and is refracted into a second medium 
with angle of refraction ‘r. The graph of sin i versus 
sin r is as shown. Find the ratio of the velocity of 
light in the first medium to the velocity of light in 
the second medium. 





sin 1 — 
[Rl [CBSE SQP 2018-19] 


sinr 
Ans. From the graph, tan 0 = — 1⁄2 
sini 
Smi — u 
sinr “2 
U 
—+ = cot 0 1⁄4 


Uz 


[CBSE Marking Scheme, 2018] 
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Q. 5. Define the power of a lens. Write its S.I. unit. 
[R] [CBSE Comptt. 2018] 


Ans. The power of a lens equals to the reciprocal of its 
focal length (in metre). 1⁄2 
Also accept 
1 


= f (metre) — 


Do not deduct mark if student does not write the 
word metre. 


(Alternatively, 


Power of a lens is the ability of convergence/ 
divergence of the rays incident on the lens.) 
SI Unit : Diopter (D) 1 
[CBSE Marking Scheme, 2018] 
Q. 6. A ray of light falls on a transparent sphere with 
centre C as shown in the figure. The ray emerges 
from the sphere parallel to the line AB. Find the 
angle of refraction at A, if refractive index of the 


material of the sphere is V3. [Foreign 2014] 








sini 
Ans. -: a =U 
sinr 
sin 60° B 
= y3 
sinr 
sin s= e 1 
2 
fa 30° 


[CBSE Marking Scheme, 2014] 
Q. 7. The light beam shown in the figure makes an angle 
of 20.0° with the normal line NN’ in the linseed 
oil. Determine the angles 0 and 0’. (The index of 
refraction of linseed oil is 1.48) 





Water 
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Ans. 





Applying Snell’s law at the air-oil interface, 
oi sin 20.0° 


0 = 30.4°. 


Applying Snell’s law at the oil-water interface 


n Sin 0=n 


yields 


ny Sin 0' = n, sin 20.0° 
0' = 22.3° . 
Q. 8. For a glass prism (u = V3) the angle of minimum 


deviation is equal to the angle of the prism. Find 
the angle of the prism. 


Ans. For the condition of minimum deviation, the angle 
of prism should be equal to the angle of minimum 


deviation. 
. É + =] 
sin 
_\ 2 J 


sin A / 2 


I |==] 
sin 
em: 
sin A / 2 
sinA 

SS = 3 
sin A /2 v3 


sin 60° 
sin 30° 


=3 
A = 60° 
The angle of the prism is 60°. 

Q. 9. The radius of curvature of the curved surface of a 
planoconvex lens is 20 cm. If the refractive index of 
the material of the lens be 1.5, it will : 

(a) act as a convex lens only for the objects that lie 
on its curved side. 


yields 





u= 








(b) act as a concave lens for the objects that lie on 
its curved side. 


(c) act as a convex lens irrespective of the side on 
which the object lies. 


(d)act as a concave lens irrespective of side on 
which the object lies. [NCERT Exemplar] 
Ans. Correct option : (c) 
Explanation : As we know the relations between 
f, u, R, and R, is known as lens makers formula : 
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Put the values; 


=œ, R, =—R a 2 = s. =40 cm 
R u-1 15-1 
f= (u-1) As f > 0, it means converging nature of the lens. 
Given that, So, lens act as a convex lens irrespective of the side 
R =20 cm, on which the object lies. 
e 
À Short An swer Type Questions (2 marks each) 
Q. 1. (i) Define refractive index of a medium. Ans. A 
(ii) In the following ray diagram, calculate the speed P 


of light in the liquid of unknown refractive index. 






Normal 


40 cm 





| 
[CBSE Comptt. 2017] B C 
At plane AC, the incident angle = 30° 


Ans. (i) Refractive index of a medium is the ratio of 
If critical angle for total internal reflection= C 


speed of light (c) in free space to the speed of light 














1 
; i Te 
(v) in that medium. 1 nC 
a . 1 
== sin C = — 
1.5 
š C 1 
(ii) j aa e = 0.67 hence, C > 30° 
v sini, 
(sin 30° = 0.5) 
8 
_ 3x10 a ie As incident angle is less than critical angle, it would 
U 30 emerge out from AC. In the figure, path of the ray is 
50 shown. 1 
= Me ee 
50 sine 1.5 
= 1:8 x 10° m/s 1⁄2 = sin e = 1.5 x sin 30° 
[CBSE Marking Scheme, 2017] = 1.5 x 0.5 = 0.75 
e = 48° 


Q. 2. A ray PQ incident normally on the refracting 


face BA is refracted in the prism BAC made of 
material of refractive index 1.5. Complete the path e Several students could not get angle C correctly 
of ray through the prism. From which face will the from 1 =n well understood. 


ray emerge ? Justify your answer. sin 
[O. D. I, II, III 2016] 


Commonly Made Error 





Answering Tip 


e The students should practise a few numerical 


problems based on the relationship between the 
refractive index and critical angle. 





Q.3. A small bulb (assumed to be a point source) is 
placed at the bottom of a tank containing water to 
a depth of 80 cm. Find out the area of the surface 
of water through which light from the bulb can 
emerge. Take the value of the refractive index of 


water to be £ ; [Delhi Comptt. I, II, II 2013] 
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Ans. Actual depth of the bulb in water, (d,) = 0.8 m 1 


E "E 7 
Refractive index of water, u = i Ms = 2 — 


or, i= 60" Y, 
[CBSE Marking Scheme, 2012] 
Q. 5. Calculate the radius of curvature of a equi-concave 
lens of refractive index 1.5, when it is kept in a 
medium of refractive index 1.4, to have a power of 











-5D ? [Delhi I,II,III 2019] 
Ans. Calculation of focal length VY 
Lens maker's formula 1⁄4 
Calculation of radius of curvature 1 
Lamp 
1 1 100 
where, Angle of incidence = 0 f= P 5 m =——-— cm=- 20 cm 72 
Angle of refraction = 90° 
Since the bulb is a point source, the emergent light 1_ Ë A | 5 = =. y 
can be considered as a circle of radius r a E R. R, í 
a h = 1.4, R =-R, R, aR 
sini 
4 _ sin90° = -($-1-4-#) 
3 sin 8 > | 
I (58 i 
or, sin§ = — —20 1.4 R 
4 
20 
cos = Ji d< “4 R- = cm (= 2.86cm) Vy 
3 [CBSE Marking Scheme, 2019] 
tan 0 = V7 1 Detailed Answer : 
z Given, refractive index of equiconcave lens = 1.5 
From the figure, tan 0 = A Power of equiconcave lens = — 5D 
Refractive index of medium= 1.4. 
a = ee Formula for power of lens is 
vV 08 pal 
r= 0.8x = f 
7 <. Focal length of this lens, 
= 0.91 m 1 1 
Area of the surface of water through light emerge f= = = (5) = — 0.2 m. 


= mr?= t (0.91)2 = 2.6 m? 
Hence, the area of the surface of water through 








which the light from the bulb can emerge is 1 H 1 1 
5 5 Paar 2 (|| eee 
approximately 2.6 m°. 1 f Un R R, 
Q. 4. A ray of light, incident on an equilateral glass 
prism (u, = J3 ) moves parallel to the base line of Here, n, = 1.5,n, = 14letR, = + R, R, = -R. 
the prism inside it. Find the angle of incidence for Substituting the values in above equation 
ya EE E 
Ans. 02 (14 R R 
1 _ (1.5-1.4) 2 
or m E EE 
0.2 1.4 R 
= R= oe x 2 x 0.2 
1.4 
= 0.4 = — = 2.86 
From the diagram, r = 30° 1⁄4 ša Sg rr i y ce 
sini 
Also Nor T SAF %2 Q. 6. An equilateral glass prism has a refractive index 1.6 
ee in air. Calculate the angle of radii of the minimum 
OF sin 30° deviation of the prism, when kept in a medium of 
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472 











refractive index — “. [Delhi LILIII 2019] 
5 
Ans. Formula 1, 
Substitution and calculation 1% 
A+ó 
rece), = n) 
H=- A Ys 
sin — 
2 
ae Bs ⁄ 
l, 45 42 
5 
: [see [e] 
sin ey sin a 
J an a = — 
v2 . 60° sin 30° 
sin 
2 
an ee ig l L unas tr 
2 Be 
60 =: = 45° 
8 =30° ⁄ 


Detailed Answer: 
Given : Refractive index of prism = 1.6 


Refractive index of medium = w 
Angle of minimum deviation is given by 


: Axes) 
sin 
_ 2 


. A 
sin — 
2 





u 


Here u = refractive index of the prism, w.rt. air 

~ itis equilateral prism, so A = 60° 

Refractive index of prism w.r.t. the given medium 
1.6x5 


~ W2 


sin © + On | sin | 30° + Š=] 
z r ee 








1.6x5 2 = 
4/2 sin 30° 1 
2 
Ó 1.6x5 1 
or sin 30° + Ss) = —— n = — = sin 45° 
| 2 AxJ2x2 J2 


Š Ó 
=>: ¿SO sb F = 45 > E3 = 15° or ó, = 30°. 


Q. 7. A beam of light converges at a point P. Draw ray 
diagrams to show where the beam will converge if 
(i) a convex lens, and (ii) a concave lens is kept in 


the path of the beam. [O.D. II 2019] 

Ans. Ray diagrams to show path of beam of light in 
case of 

(i) Convex lens 1 

(ii) Concave lens 1 
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[CBSE Marking Scheme, 2019] 


Detailed Answer: 


The image will form at P 
For concave lens : 





Image is formed at P. 


Q. 8. The figure shows a ray of light falling normally on 
on the face AB of an equilateral glass prism having 


refractive index 3, placed in water of refractive 
2 


index 4. Will this ray suffer total internal 
3 
reflection on striking the face AC ? Justify your 
answer. 
A 
š C 


[CBSE 2018] 
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Ans. 


Ans. 


The angle of incidence, of the ray, on striking the 
face AC is í = 60° (as from figure) 

Also, relative refractive index of glass, with respect 
to the surrounding water, is 
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Also sin į = sin 60° = y3 _ 1.732 
2 2 
= 0.866 
For total internal reflection, the required critical 
angle, in this case, is given by 1⁄ 
8 


sin i, = Te ` 


ne I Si, 

Hence, the ray would not suffer total internal 
reflection on striking the face AC. 1⁄4 
[The student may just write the two conditions 
needed for total internal reflection without 
analysis of the given case. 

The student may be awarded (⁄2+1⁄2) mark in 


such a case. [CBSE Marking Scheme, 2018] 











Using Ilk Ones Y=4o } w 


=> Aa dm} 


| 
| 
i 
| 
| 
x Aly Sis le = Alpsiner 
| 
| 









ax critic omg > inci dint Ome 
net 





[Topper’s Answer, 2018] 
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À Long Answer Type Questions-l 


Q. 1. (i) Monochromatic light of wavelength 589 nm 
is incident from air on a water surface. If u for 
water is 1:33, find the wavelength, frequency and 
speed of the refracted light. 

(ii) A double convex lens is made of a glass of refractive 
index 1:55, with both faces of the same radius of 
curvature. Find the radius of curvature required, if 








the focal length is 20 cm. 
[Ul [OD L IL, II, 2016] 
Ans. (i) À = SRS 442:8 nm % 
3x108 ms” 
Frequency, MS ae 
= 5:09 x 1014 Hz 1⁄ 
8 
Speed o = 3x10 S 
1:38 
= 2:25 10° mi 1⁄4 
1 H2 1 
f H R, R 
1 1-55 2 
a — ee Jj | — 1 
NP “ 


0 

R = (20 x 1:10) cm = — 22 cm 
% 

[CBSE Marking Scheme, 2016] 


Q. 2. Three rays (1, 2, 3) of different colours fall normally 
on one of the sides of an isosceles right angled 
prism as shown. The refractive index of prism 
for these rays is 1.39, 1.47 and 1.52 respectively. 
Find which of these rays get internally reflected 
and which get only refracted from AC. Trace the 
paths of rays. Justify your answer with the help of 
necessary calculations. [OD 2017] 


(1) 
(2) 
(3) 





Ans. At plane AC, the incident angle for ray 1, ray 2 and 
ray 3 = 45° 
“> 
é SS 
a—— E. 
(3) 


rr. 1 


Let critical angle for total internal reflection for ray 
1=C 
1 
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(3 marks each) 





1 
Lopa sin C; 
= sin C, = A 
1.39 
= 0.719 
Hence C, > 45° (sin 45 = 0.707) % 


Let critical angle for total internal reflection for ray 
2=C 
2 





1.47 = 


sinC, 
1 
= sin C, = — = (0.68 
1.47 
Hence C, < 45° 2 


Let critical angle for total internal reflection for ray 
3=C 
3 





1.52 = sinC, 
1 
= sin C: =. .—— = 0):657 
1:52 
Hence C, < 45° VY, 


As in case of ray 1, incident angle is less than critical 
angle, it would emerge out from AC. In the figure, 
path of the ray 1 is shown. 

In case of ray 2 and ray 3, incident angle is greater 
than critical angle, they would suffer total internal 
reflection at AC and emerge from BC. In the figure, 
the paths of the ray 2 and 3 are shown. 1⁄2 


. Asymmetric biconvex lens of radius of curvature R 


and made of glass of refractive index 1-5, is placed 
on a layer of liquid placed on top of a plane mirror 
as shown in the figure. An optical needle with its 
tip on the principal axis of the lens is moved along 
the axis until its real, inverted image coincides 
with the needle itself. The distance of the needle 
from the lens is measured to be x. On removing 
the liquid layer and repeating the experiment, the 
distance is found to be y. Obtain the expression 
for the refractive index of the liquid in terms of x 


and y. 


[Delhi & OD 2018; Delhi Comptt. 2014] 
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Ans. Lens maker's formula 1, 
Formula for 'combination of lenses' VW 
Obtaining the expression for H 2 


(a) Let t, denote the refractive index of the liquid. 


When the image of the needle coincides with the 
lens itself; its distance from the lens, equals the focal 
length. 1⁄4 
With liquid layer present, the given set up, is 
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R 
=> KM, =] -—— (ii) 
2 
Now from eqn. (i) and (ii), 
pie s s = .. Gi) 
xy / (y — x) xy 


Now again for plano convex lens of air, if image 
coincide at 2f, then for case II we have 








equivalent to a combination of the given (convex) = 2f,=R 
lens and a concavo plane/plano concave ‘liquid R 
lens’. = l= 5 
1 s: R 
We have f = u-o( zz] Vy, again y=2f, =. 
l _ eee ; = y=R ...(iV) 
and f IAS 72 Now from egn. (iii) and (iv), 
As per the given data, u, =1- yuy) ay u 
xy x 
— 1=0s-D 1 o ] v u, = a 
h y R (-R) i x 
- This is the required expression for the refractive 
R index of liquid. 
1 1) 1 Pu P Q. 4. Write the basic assumptions used in the derivation 
cos (Hi 1-5 Lag = . ` ⁄ of lens — maker's formula and hence derive this 
expression. [CBSE SQP 2019-20] 
1 2 1 (2x-y Ans. Basic assumptions in derivation of Lens maker's 
y y x W xy formula : 
(i) Aperture of lens should be small 
oe = (= w 2) 1⁄4 (ii) Lenses should be thin 
Y 


(iii) Object should be point sized and placed on 
principal . 


[CBSE Marking Scheme, 2018] 


Detailed Answer: 


Given, Radius of curvature of convex lens is R and u 
= 1.5 


When lens is placed on a layer of water then 
focal length of combination is f. Thus the first 
measurement gives the focal length of combination 
Le. f = x. 

In second measurement, we get the focal length f, of 
convex lens i.e., fi = y, therefore the focal length of 
plano convex lens of water f, is given as 








1 1 1 
k 
i I 1 ] 1 1 = Suppose we have a thin lens of material of refractive 
= Sees =s sZ s index n,, placed in a medium of refractive index n., 
1 a let O be a point object placed on principle axis then 
xy f for refraction at surface ABC we get image at I, , 
= ha- (i) Bi 
y-x m om _ m-n as 
ra R, m 


For plano convex lens of liquid of refractive index tt, Butitheachacted say Delores eoceAomecrarT Gils 
1 
on surface ADC and refracts meet at I, finally; hence 


1 1 1 1 1 
— = (k, -1) R R =(H, —1) a 
f 1 2 a I, works as a virtual object 2" refracting surface 


1 cea 
1_ WM) . n _ M ...(2) 


—A CI A _ hom 


h R = a ae 
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Equation (1) + (2) 


1 1 
As ks POE Neen 
v u np LF — 


1 1 
AL a-n( EE) © 
Ifu = ç, o = f 
1 1 1 
F = (na 1) (2-2 | (4) 


which is lens maker’s formula. 
Q. 5. A triangular prism of refracting angle 60° is made 


2 
of a transparent material of refractive index 3 . 


A ray of light is incident normally on the face KL 
as shown in the figure. Trace the path of the ray as 
it passes through the prism and calculate the angle 
of emergence and angle of deviation. [O.D. I 2019] 


K 
D 
60° 


YQ 


L M 


Ans. *Tracing path of ray passing through prism 1 
*Calculating angle of emergence and angle of 





deviation 11⁄+1⁄, 
Ray diagram : 
K 
p or. 
1 


Å Long Answer Type Questions-I!I 


Q. 1. (i) Draw a ray diagram to show the image formation 
by a combination of two thin convex lenses in 
contact. Obtain the expression for the power of 
this combination in terms of the focal lengths of 
the lenses. 


(ii) A ray of light passing from air through an 


equilateral glass prism undergoes minimum 


deviation when the angle of incidence is = th of 


the angle of prism. Calculate the speed of light in 


the prism. [OD I, 2017] 
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e A=60° 





sin 60° = sinr 


V3 1%, 
23 
2/3 

e f= 90° yy 


Angle of deviation is equal to 30°. 
[CBSE Marking Scheme, 2019] 


= 





° sinr= 


Detailed Answer : 
If 1. is the critical angle for the prism/material, 
1 


sini, 





sim. lc = 


1 
u 





Angle of incidence at face AC of the prism = 60° 
Hence, refracted ray grazes the surface AC. 

= Angle of emergence = 90° 

=> Angle of deviation = 30° 


(5 marks each) 


Ans. (i) 





Two thin lenses, of focal length f, and f, are kept 
in contact. Let O be the position of object and let 
u be the object distance. The distance of the image 
(which is at 1), for the first lens is v}. 

This image serves as object for the second lens. % 
Let the final image be at I. We then have 
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oe ⁄ 
f 9 H 
Pr ls 7 
h “n | 
Adding, we get 
O E 7 
f Pf ow f 
1 to 
— = — + — 
J R Ë 
.: P= P +P, 1⁄2 
(ii) At minimum deviation 
r= <= 30° 1⁄2 
; E <. 
We are given that, i = a = 45° Ya 
_ sin45° ` 
U sin30° 
c 
. Speed of light in the prism = B 1⁄2 


(= 2.1 x 108 ms“) 


[Award 1⁄2 mark if the student writes the formula : 


W Y+ ô, 
aire —_ n 
We 2 
(5) 
sin| — 
2 


but does not do any calculations.] 


[CBSE Marking Scheme, 2017] 


Q. 2. (i) A point object is placed on the principal 


axis of a convex spherical surface of radius of 
curvature R, which separates the two media of 
refractive indices z, and n, (n, > n,). Draw the 
ray diagram and deduce the relation between 
the object distance (u), image distance (v) and the 
radius of curvature (R) for refraction to take place 
at the convex spherical surface from rarer to denser 
medium. 


(ii) A converging lens has a focal length of 20 cm in air. 


It is made of a material of refractive index 1-6. If it 
is immersed in a liquid of refractive index 1:3, find 


its new focal length. [Foreign 2017] 





[ 227 


For small angles 


tan ZNOM = MN 

OM 

tan ZNCM = ay 

MC 

and tan ZNIM = ay 
MI 


For ANOC, i is exterior angle, therefore 
1 = ZNOM + ZNCM 


MN MN š 
OM MC 
Similarly, r= 2a - aS 1⁄ 


For small angles, Snell's law can be written as 


ni = n.r 


1 2 
h m eee 1⁄4 
OM MI MC 
OM =-u, MI= +v 
MC =+ R 
(Using sign convention) 
m A = P 7 1⁄4 
vV u R i 


(ii) Lens maker's formula is 


1 - (2- zj vs 
f Ny R R 


Focal length of lens is = 20 cm 





1 1 1 

— = (6-D = 

29 = | [x A 
SE 1 1 y, 
SS aksa =sas = = — 2 
R R. 20x06 12 


Let f' be the focal length of the lens in water 


EERE 


0:3 








= ⁄2 
12x13 i 
Or f= =. i 52 cm 1⁄2 


[CBSE Marking Scheme, 2017] 


Q. 3. (i) Draw the ray diagram showing refraction of 


light through a glass prism and hence obtain the 
relation between the refractive index u of the 
prism, angle of prism and angle of minimum 
deviation. 


(ii) Determine the value of the angle of incidence for a 


ray of light travelling from a medium of refractive 


index u, = V2 into the medium of refractive index 
H, = 1, so that it just grazes along the surface of 
separation. [R] [Foreign 2017] 
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(b) For the Grazing incidence 





usini, = 1sin 90° 1⁄2 
1 
= 1 
i sinio 


(c) For convex lens of focal Length 10 cm 





PELL Vs 
fi 0; H, 
From fig ZA + ZQNR = 180° will) i ARS | 1 7 
21 2 ae = 2 
From triangle AQNR, r, + r, + QNR = 180° ...(ii) 10 v, -30 > 0, =15cm 


Object distance for concave lens 


From eqn. (i) & (ii) 
i u= ]5—5 = 10cm 


; LA = r, +t, y2 
The angle of deviation 





Ó = (i-r) + (e — r,) dol 1 
=i+e-A Vs h vn u, 
At minimum deviation í = e and r, = r, COPA s Dra 
r< 2 Vs -10 v, 10 
- 0, =@ 4 
And i= A+, A For third lens 
a eo es 
Hence, refractive index, f = m 
. . sin Se za Ñ 
oe sin! _ z Vf, 30 o, W 
sinr oe S 
sing v,=30 cm 7 
(ii) From Snell's law, ysin ; = p sin r 1 [CBSE Marking Scheme, 2019] 
Given u = V2,H,=1 Detailed Answer : 
"b. , (a) Conditions for total internal reflection are : 
ana b E grazing) 6 1. Beam of light travels from denser to rarer optic 
== sin; = — medium. 
V2 2. The angle of incidence of the light ray must 
or 1 = 45° y exceed the critical angle of the interface. 


[CBSE Marking Scheme, 2017] 


90° n 


Q. 4. Under what conditions is the phenomenon of total 
internal reflection of light observed ? Obtain the 
relation between the critical angle of incidence 
and the refractive index of the medium. 

(b) Three lenses of focal lengths +10 cm, -10 cm and 
+30 cm are arranged coaxially as in the figure 
given below. Find the position of the final image 





From snell's law 











formed by the combination. sini m 
+10 cm- 10cm +30 cm sinr n, 
S sini hy 
sin90Y — n, 
a n. 
or Sutra 
5 > ¿ 10 , | 2 
ge cm 1 
or = 
[Delhi I,II,III 2019] * sini- 
(a) Two conditions of total internal reflection (b) From the given diagram image formed by the first 
1+1 lens 
(b) Obtaining the relation 1 1 1 1 
(c) Calculating of the position of the final image et ee 
2 % Uy fi 
(a) 1 1 
(i) Light travels from denser to rarer medium. 1 ee ee S Sam ee 
(ii) Angle of incidence is more than the critical angle v, (-30) 10 I 
Š Š : 
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The image formed by first lens serves as an object for the left of the second lens. This acts as an object for 


the second lens. It is at a distance of (15 — 5) = 10 cm the third lens. 
to the right of second lens. This acts as a virtual ob- 1 1 1 
ject for second lens. ; ee = 
O j f 
1 1 -1 
v, 10 “10 ae 
2 ve v, © 30 
or Vv, =% 
Or v, = 30 cm 


The virtual image is formed at infinite distance to ? 


TOPIC-2 


Optical Instruments 





Revision Notes 


> Based upon phenomenon of reflecting and refracting properties of mirrors, lenses and prisms, a number of optical 
devices and instruments have been designed. 
> Microscope is an optical instrument which helps us to see and study micro objects or organisms. It forms 
magnified image of the object. 
> ‘Telescope is an optical instrument which helps us to see and study far off objects magnified & resolved (with 
clarity). 
> We generally set these instruments at two different image vision positions 
° Image at least distance of distinct vision : This is the least distance from eye where we are able to see objects 
distinctly. For normal human eye, the distance is 25 cm from our eye. 
° Image at relaxed vision : This is the distance from eye where we are able to see objects distinctly in relaxed 
vision no strain to eye . For normal human eye, the distance is infinity from our eye. 
° Magnification at distinct vision is always greater than magnification at relaxed vision. 
Simple Microscope : Convex lens behaves as simple microscope. 


The magnifying power of the simple microscope 


š : he = D 
(i) For least distance of distinct vision m=1+ — 


f 


where, D is the least distance of distinct vision of the eye and f is focal length of the lens. 


Eye focussed 
on near point 


etea 
a tee, 
o, "°... 
R 
fey e. 
wea tee, 
bi Sa. 
`. a 
te, Mae 
fee, OR 
Su 9 
Mig > “ow 
Seo, 
aiaa V tega, 
6 re 
Bau a 2. AES 
Meg hg 
te ag 
ey + 
Meg 
Men, 
Me, 
e 









(ii) For relaxed eye 


From above formulae, it is clear that for larger magnifying power, the focal length of the convex lens should be 
small. 


te 
Fe. 
`. 
`. 
e., 
"° 
He 
`. 
` 
. 
ee, 
ee, 
eee 
fen e 
a 
t 
e., 
e 
e.. 
e., 
e, 
£29 





Eye focussed 
at infinity 
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The angular magnification by optical instruments is the linear magnification by lenses only. It means magnification 
of an instrument means how many times it enlarges the image of object. So it can be written as 
h' 
m=— 
h 
where, h is size of object (in one dimension) and K is the size of image. 
Compound Microscope : For much large magnification, compound microscope is used. It is a combination of two 
convex lenses when the magnification of each lens is compounded. 
° The two lenses are placed co-axially and the distance between them is adjustable. 
° The lens towards the object is called objective and towards the eye is called eyepiece. 
° The final image formed by the compound microscope is magnified and inverted. 
° ‘Total magnification by compound lens 
m = m. X m, 
where, m, is magnification by objective lens and m, is magnification by eyepiece. 
° For least distance of distinct vision, magnification by objective lens is 
V L 


— — 
m = = 


° ú fo 
where, L is the distance between the second focal point of the objective and the first focal point of the eyepiece 
(focal length f). It is called the tube length of the compound microscope. 
Eyepiece lens will act as simple microscope. 


Magnification by eyepiece lens is 


m, = He 


e 


fe 


oO 


Hence, Magnification by compound lens = h + p) 







Eyepiece 


- 


e 
- 


- 
- 
- 
ooo” 
- e 
- 

- - 
sE let 

- 


- 
w 


i 
OST om 
„| ue 
o* Le 
oe 
of of 
- 
|” ¿” 
|” 6? 
Pa 


.. 


°° 


. 
- 
ot et 
ote 
ote 
ote 
6 
- 
| 
.% 
° 
ote 
oer 


a 


> For Relaxed eye (normal adjustment) 


D 
For relaxed eye, the magnification by objective lens remain same, the magnification by eyepiece will be +— 


fe 


Hence, the total magnification of compound microscope in relaxed eye condition is 


> Properties of Compound Microscope 


Scan to know 


° For large magnification of a compound microscope, both f) and f should be small. more about 
is topic 


° Ifthe length of the microscope tube increases, then its magnifying power increases. 
° Generally f is much smaller. So, the objective is placed very near to principal focus. 
° The aperture of the eyepiece is generally small so that whole of the light may enter the eye. 
° The aperture of the objective is also small so, the field of view may be restricted. 
> Magnification by Telescope 
° ‘Telescope is an instrument to magnify and resolve far off objects. 


° Far off objects make much smaller angle at our eye. Telescope makes that angle larger without much intensity 
loss. 


° To maximise the intensity, aperture size of objective lens is quite large. It will focus a bright point size image 
at its focal plane. 


Compound 
Microscope 
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Now with eyepiece, we will observe the point size image to final inverted magnified image. This type of 
telescope is known as astronomical telescope. 


m = . 
fV DP 


° Forleast distance of distinct vision, 


> Forrelaxed eye (normal adjustment) 


Bf. 


itd 





> Properties of astronomical telescope 
For larger magnifying power, f. should be large and f should be small. 
The length of the tube of an astronomical telescope is L = f, + f for relaxed vision adjustment. 


When the length of the tube of the telescope increases, f increases and magnifying power also increases. 
> Limitations of refractive telescope 


Large objective lens makes the telescope very heavy. So, it is difficult to handle it by hand. 
° It has spherical and chromatic aberrations. 


> Modern Telescope (Reflective Telescope) 


Reflecting telescope consists of a concave mirror of large radius of curvature in place of objective lens 


A secondary convex mirror is used to focus the incident light, which now passes through a hole in the 
objective primary mirror . 


The magnifying power of the reflecting telescope ism = fo 










Objective 


mirror 
Secondar y 


mirror Wigs 


Eyepiece 


> Advantages of reflective telescope 


Very sharp point image by objective mirror removes spherical aberrations. 
As it is very light, large aperture of parabolic mirror can be used for desired magnification. 
This is based on the principle of reflection and there will be no chromatic aberrations. 


Know the Formulae 
> Magnification by Simple Microscope 


m= 1+ 2 (for distinct vision) 


(For relaxed eye ) 


= 
I 
=O 
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> Magnification by Compound Microscope 


L D D 
aR + p) or afi F p) (for distinct vision ) 
fo fe Uy Je 


Ay or Fox p (for relaxed eye) 


fo 
> Magnification by Telescope 


hjd 
— _ 20/4472 ays Ent 
>m f D (for distinct vision) 


f 


> m= —— (for relaxed eye) 


fe 


L D 
€ 


0 e 


A Objective Type Questions 


— 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q.1. The astronomical telescope consists of objective 
and eye-piece. The focal length of the objective, is 
(a) shorter than that of the eye-piece 
(b) greater than that of the eye-piece 
(c) equal to that of the eye-piece 
(d) five times shorter than that of the eye-piece. 
Ans. Correct option : (b) 
Explanation : In astronomical telescope, f >f, and 
the magnifying power is equal to f /f . This becomes 
large when f >f.. 
Q. 2. If the focal length of objective lens is increased 
then magnifying power of : 
(a) microscope will increase but that of telescope 
decrease. 
(b) microscope and telescope both will increase. 
(c) microscope and telescope both will decrease 
(d) microscope will decrease but that of telescope 
increase. 
Ans. Correct option : (d) 
Explanation : Magnifying power of microscope 


LD 1 
= —— ec — 
hk f 


Hence with increase f, magnifying power of 
microscope decreases. 


Magnifying power of telescope = h x fo 
Hence with increase fọ magnifying power of 
telescope increases. 

Q. 3. A microscope is focussed on a mark on a piece of 
paper and then a slab of glass of thickness 3 cm 
and refractive index 1.5 is placed over the mark. 
How should the microscope be moved to get the 
mark in focus again? 

(a) 2 cm upward (b) 1 cm upward 


(c) 4.5 cm downward (d) 1 cm downward. 


Ans. Correct option : (b) 
Explanation : Apparent depth 
_realdepth 3 
= — . 


=2cm 


As image appears to be raised by 1 cm, therefore, 
microscope must be moved upwards by 1 cm. 


(ID FILL IN THE BLANKS 


Q. 1. The optical instrument which is used to see erect 
image of distant object is ; [R] 

Ans. reflecting telescope. 

Q. 2. The lens placed towards the object in an optical 
instrument is called as ; [R] 

Ans. objective. 

Q. 3. In case of telescope, the adjustment is made so 
that the final image is at infinity and the eye 
is completely relaxed when viewing it. This is 
called............ ; 


Ans. normal adjustment. 
(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Define visual angle. Does it vary with distance of 
the object from the eye ? 

Ans. It is the angle subtended an object or image at the 
eye. It decreases with increasing distance of the 
object or image from the eye. Y+% = 1 

Q.2. In viewing through a magnifying glass, one 
usually positions one's eyes very close to the lens. 
Does angular magnification change if the eye is 
moved back? 

Ans. Yes, the angular magnification changes. When the 
distance between the eye and a magnifying glass 
is increased, the angular magnification decreases a 
little. This is because the angle subtended at the eye 
is slightly less than the angle subtended at the lens. 
Image distance does not have any effect on angular 
magnification. 

Q. 3. A giant refracting telescope at an observatory has 
an objective lens of focal length 15m. If an eyepiece 
lens of focal length 1.0 cm is used, find the angular 
magnification of the telescope. 
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RAY OPTICS AND OPTICAL INSTRUMENTS 


Ans. Given f, =15m, f, =1.0 cm = 1.0 x 102m 
Angular magnification of telescope 
pti ` — 4500 
f, 10x10 
Q. 4. Write two advantages of a reflecting telescope over 


a refracting telescope. 
Ans. Two advantages of reflecting Telescope over 
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refracting Telescope are : 

(i) No loss of intensity of incident light is there, 
therefore we get a bright image in reflecting 
telescope. 

(ii) In a reflecting telescope, spherical aberration is 
removed by using parabolic mirrors, hence there is 
no spherical aberration in the reflecting telescope. 


(2 marks each) 


Å Short Answer Type Questions 


adjustment position. Write the expression for its 


Q. 1. Define the magnifying power of a compound 
[O.D. I 2019] 


microscope when the final image is formed at 
infinity. Why must both the objective and the 
eyepiece of a compound microscope have short 


magnifying power. 


Ans. To draw the ray diagram of astronomical 





focal lengths ? Explain. U| [Delhi I 2017] telescope 1% 
w ' . Expression for magnification 1⁄2 
Ans. Magnifying power is defined as the angle Ray diagram : 


Objective i&——— toə—V Eyepiece 


subtended by the image to the angle subtended 
(at the unaided eye) by the object. 1 
(Alternatively : Also accept this definition in the 
form of formula) 


E + 

m =m, X m, = —x— 

fo Se 
To increase the magnifying power both the 
objective and eyepiece must have short focal 





> 
Pa 
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P 1⁄2 


D 
lengths | as mā- XT 1⁄+1⁄4 
— | f, 0 | _ Magnification= 
[CBSE Marking Scheme, 2017] B 
Q. 2. Draw the ray diagram of an astronomical is se a 


telescope showing image formation in the normal [CBSE Marking Scheme, 2019] % 


(3 marks each) 


Å Long Answer Type Questions-l 


Q. 1. Draw a labelled ray diagram to show the Drawbacks: 
image formation in a refracting type astronomical (i) Large sized lenses area heavy and difficult to 
telescope in the normal adjustment position. Write support. y2 
two drawbacks of refracting type telescopes. (ii) Large sized lenses suffer from chromatic and 
spherical aberration. 1⁄2 


Al [CBSE SQP 2018-19 
A\[ Q [CBSE Marking Scheme, 2018] 


Q. 2. (i) Draw a ray diagram depicting the formation of 
the image by an astronomical telescope in normal 


adjustment. 
(ii) You are given the following three lenses. Which 


two lenses will you use as an eyepiece and 
as an objective to construct an astronomical 


telescope ? Give reason. 


Power (D) | Aperture (cm) 
a a | E 
L 1 


Ss j E E 


[A] [OD 2017] 


Ans.Ray diagram : 


Objective «———f-———>"'_ Eyepiece 
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Ans. (i) Try yourself similar Q.1 Long Answer Type Commonly Made Error 
Questions-I 
e Most of the students could not draw correct labelled 


(ii) Objective Lens : Lens L, 1⁄4 
Eyepiece Lens : Lens L Ws ray diagram of the astronomical telescope. 
2 
Reason : 


Answering Tip 
The objective should have large aperture and 


large focal length while the eyepiece should have e The relationship between the aperture and focal 
small aperture and small focal length y should be carefully understood with the help of 
[CBSE Marking Scheme, 2017] numerical problems. 





Q. 3. (i) A giant refracting telescope has an objective lens of focal length 15 m. If an eye piece of focal length 1.0 cm is 
used, what is the angular magnification of the telescope ? 


(ii) If this telescope is used to view the moon, what is the diameter of the image of the moon formed by the 
objective lens ? The diameter of the moon is 3.48 x 10° m and the radius of lunar orbit is 3.8 x 105 m. 


[Delhi I, II, II 2015] 


Ans. 





















| — s ee Sh 488 he 


: i) nein _ 22 Subrendul by men ot ob = angle Y ing af objed.. 


am Da H EEA 
i R fo _ ë 
yt gt |—— 
2.£ x 65 IG 


A= 3-4 x xis m 


ao = | 
NN ei Bapa T ee 


[Topper's Answer, 2015] 





www.jeeneetadda.in 


RAY OPTICS AND OPTICAL INSTRUMENTS 


Detailed Answer: 





(i) m = ; ignoring -ve sign as it only shown that 
e 


image is inverted. 
f, = 1500 cm 


f. = 1 cm 
n= 010 a 





(ii) Angular size of the moon, 


h, 
tanga = — 


0 


Angular size of the moon’s image by objective lens 


h, 
is also, tane = 7 
Ío 
h h 
Hence, — — + 
u, f 
h = 3.48 x 10°m 
u, = 3.8 x 105 m. 
= 15m 
3.48x10° _ h, 
3.8x10® 15 
_ 3.48x10° 
t Bexi 
=l 3.78m. 2 


Commonly Made Error 


e The students usually commit errors in the calculation 
part. 


Answering Tip 


e Learn all the formulae of Telescope carefully. Do 
practice to solve the numericals by taking care of 
their sign convention. 


Q. 4. Draw a labelled ray diagram of an astronomical 
telescope in the near point adjustment position. 
A giant refraction telescope at an observatory 
has an objective lens of focal length 15 m and an 
eyepiece of focal length 1.0 cm. If this telescope is 
used to view the moon, find the diameter of the 
image of the moon formed by the objective lens. 
The diameter of the moon is 3.48 x 10° m, and the 
radius of lunar orbit is 3.8 x 10° m. 


[Delhi LILIII 2019] 

Ans. Labelled ray diagram of an astronomical 
telescope 1 1⁄2 
Calculation of the diameter of the image of the 
moon. 1% 
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objective B’ l 
lens fad wa 


1% 


[Note : (i) Deduct % mark If arrows are not shown. 
(ii) Award one mark of this part if a student 
draws the ray diagram for normal Adjustment / 
relaxed eye]. 

Angular magnification of the telescope 








Bio 15 _ 1500 A 
f 0.01 
6 
For objective lens, tana= 3.48 x 10" 
3.8 x 10° 
ho? gn 
For eyepiece, tang = — = — 1⁄2 
yep p f 102 
=o 
-. Magnifying power _ P _ _ 102 
a 3.48x10° 
3.8 x 10° 
h x 3.8 x10° 
=— vO.  ƏÜ>@> n aian 2 2 = 1500 
3.48 x10° x 10 
h, =13.73cm VY 


Also accept angular magnification of the telescope 


+£) 15 am) = 1560 


fd) 001, 0.25 
So, h. = 14.29 cm 
Alternatively, 





From figure, 


h h. 


K 
[where h and h.are the diameter of the moon and 
diameter of the image of the moon respectively]. 





h. = ki, 1⁄ 
x 
3.48 x 10° 
= — — Ü?  əj t X 1; 
3 48 x 10° i 


= 13.73 cm [CBSE Marking Scheme, 2019] 
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Detailed Answer: 
Objective eyepiece 
<— fo— >< fe —> 





Magnifying power of telescope, m = — 


e 


here f, = 15 m,f, = 1.0 cm = 0.01 m 


Q. 1. (i) Draw a labelled ray diagram showing the 
image formation of a distant object by a refracting 
telescope. 


Deduce the expression for its magnifying power 
when the final image is formed at infinity. 


(ii) The sum of focal lengths of the two lenses of a 
refracting telescope is 105 cm. The focal length of 
one lens is 20 times that of the other. Determine 
the total magnification of the telescope when the 
final image is formed at infinity. 


[O.D. Comptt. I, II, III 2014, 2013] 





[Note : deduct 1⁄2 mark if not labelled] 1% 
Magnifying power, 


_ tanB _ B Y, 


tana a 
(.: The angles are small) 
Final image is formed at infinity when the image 
A'B' is formed by the objective lens at the focus of 
the eyepiece, 


h fo 
m = a 1⁄ 
m = % 
(ii) Given, 
fa + f. = 105, f. = 20f, 1⁄2 


Å Long Answer Type Questions-I 
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15 
m= — 
0.01 


= 1500. 
Let D be diameter of moon, d be diameter of image 
of moon formed by objective and r the distance of 
moon from objective lens then from figure. 


D 


= => — x 5 mm 


(5 marks each) 


20f, +f. = 105 


105 
= — = 5cm 1 
i 21 fa 
f, = 20 x 5 = 100 cm 1⁄2 
.. Magnification, m = — = = = 20 1⁄2 
e 


[CBSE Marking Scheme, 2014] 
Detailed Answer : (i) 
Refer the diagram of Q. No. 3 in Long Answer Type 
Questions-II 
Magnification 
angle subtended by image at observer's eye _ B 
angle subtended by object at observer's eye 0 


—A'B' 
For small angle, B = tan p = — f 
e 





(as eye is very near to eyepiece) 











Angle a = tan a = =e 
fo 
—A'B' 
= =f et | 
"AE 
fo 
Fue) 
5 


Q. 2. Draw a ray diagram showing the image 
formation by a compound microscope. Obtain 
expression for total magnification when the image 
is formed at infinity. 

(a) focal length of the objective is decreased. 
(b) the wavelength of light is increased ? 
Give reasons to justify your answer. 
[O.D. I, II, HII 2015] 
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RAY OPTICS AND OPTICAL INSTRUMENTS 


Ans. (a) 





Eyepiece 
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. 

8 
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a 
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a 

8 
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. 
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8 | 
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- 
. e of 
ee 

° °” 

. ote 

. ore? 
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. |... 
one 

. ea 

a o% 0" 

. ome 

oe 
- 
|. 
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s 
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, o* 

. o* 

e 
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- 
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(b) Resolving power decreases when the wavelength 
of light is increased. This is because the minimum 
separation, d_. increases when À is increased. 1 

Q. 2. (a) Draw a ray diagram for final image formed 
at distance of distinct vision (D) by a compound 
microscope and write expression for its magnifying 
power. 

(b) An angular magnification (magnifying power) of 
30x is desired for a compound microscope using 
as objective of focal length 1.25cm and eye piece 
of focal length 5cm. How will you set up the 
compound microscope? [CBSE SQP 2019-20] 


Ans. (a) Ray Diagram : (with proper labelling) 






Ja 
d TO 
".... 


. 
". 
A eae 
.. 
.. 
. 


R 


< Ho 


Objective Lens ——— V, > — 
: j j ae ‘S Eye Piece 
Yar ae 
s — 
ae 0 D 
Magnifying power, m = — 1+— 
wl Á 
L D 
m= —|1+— 
A fe 
Sz 
PAN 
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(b) -- m = m, m, = -30 (virtual, inverted) 
< f, = 1.25 cm 
f, = 5.0 cm 


Let us setup a compound microscope such that the 
final image be formed at D, then 


EE EP 


0 


m 
e 


and position of object for this image formation can 
be calculated — 








e es 
v, u Í 
pages 1 
-25 u, 5 
1 #1 TWO 
—— = —+ — = — 
u, 5 25 25 
u = . = —.17 cm 
ý 6 
m=m Xm, 
+v, —30 
= 0 = — = — 
Mo u, 6 
v, = DU, 
Beas ae 
o, u, fs 
p ES 
5u, u, 125 
S 
5u, 1.25 
u = -1.5 cm 
= v, = 7.5 cm 
Tube length = v, + |u,| = 7.5 cm + 4.17 cm 
L = 11.67 cm 


Object should be placed at 1.5 cm distance from the 
objective lens. 


NYA 
ZN 
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CHAPTER 





Syllabus 


> 


> 


> 


Wave Optics : Wave front and Huygens’ principle; reflection and refraction of plane wave at a plane 
surface using wave fronts; Proof of laws of reflection and refraction using Huygens’ principle. 
Interference; Young’s double slit experiment and expression for fringe width; coherent sources and 
sustained interference of light. 

Diffraction due to a single slit, width of central maximum. 


Chapter Analysis 





List of Concepts Names 


Wave theory and Huygens' 
Principle (3 marks) 
(2 aoe) (5 i. g 
1Q 
(3 marks) 
Superposition of light 1Q 
waves (Interference and (3 marks) 1Q 1Q 
Diffraction) (5 jets e (3 =) 1Q (5 marks) (5 marks) 
(5 marks) 
Resolving Power of 10 
Optical Instruments and 
Polarisation of Light (5 . Wy. (2 mis (2 aiba (5 marks) 


TOPIC-1 
Wave theory and Huygens’ Principle 





Revision Notes 


> Newton supported ‘Descartes’ corpuscular theory’ of light and TOGS FPS 
developed it further Wave theory and Huygens’ Principle 
iy ba 239 
> According to the corpuscular theory, “sources of light emit large 
number of tiny massless particles known as corpuscles in a medium ees I ee picts 
ree uperposition of light waves 
surrounding the source. They are perfectly elastic, rigid and have high sesama nd ce ffraction) .... P. 245 
speed. 
This theory could explain reflection and refraction of light but could 
not explain many other optical phenomenon like interference and diffraction of light. It was unable to explain the 
concept of partial reflection and refraction through a transparent surface. 
> Huygens' proposed wave theory of light. According to the theory, light travels in the form of longitudinal waves 


with uniform speed in a homogenous medium. Different wavelengths of light represent different colours of 
light. 
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v v v v 


As longitudinal and mechanical waves need medium to travel, he assumed a hypothetical medium known as 
“ether. He also proved that speed of light is slower in optically denser medium. 

Initially, Huygens' wave theory of light didn't get much success. Its main point of rejection was, that it was 
considered as longitudinal wave which need medium, but experimentally found that it could also travel in 
vacuum and there is no medium like ether. 

But later Maxwell's theory of electromagnetic waves and Young's famous double slit experiment firmly established 
this theory. Maxwell explained that light is an electromagnetic wave which does not need medium and its speed 
in vacuum is 3x105 m/s. Phenomenon of optical interference, diffraction and polarisation can be explained with 
wave nature of light. 

It had some points of failure. It could not explain photoelectric effect and Compton effect. 

With polarisation, it is established that light is not a longitudinal wave but a transverse wave. 

Huygens' principle brings concept of formation of new wave fronts and its propagation in forward direction. 
Wavefront is locus of all points in which light waves are in same phase. Propagation of wave energy is 
perpendicular to the wavefront. 


Huygens' Principle : 


> 


> 


> 


Every point of a wavefront becomes secondary source of light. 

These secondary sources give their own light waves. Within small time, they produce their own wave called 
secondary wavelets. These secondary waves have same speed and wavelengths as waves by primary sources. 
At any instant, a common tangential surface on all these wavelets give new wavefronts in forward direction. 
Shapes of wavefronts Blan to know 


more about 
Source Wavefronts this topic 
Point source Spherical wavefront 
Line source Cylindrical wavefront 


Plane source Plane wavefront 
Point source very far away Plane wavefront 


Concave lens converts plane wavefront to convex wavefront and convex lens convert plane wavefront to concave 
wavefront. 


Refraction of light by Huygens' Principle 
> Snell's law can be proved by Huygens' principle. 


Theory Huygens 
Principle 





sini v 
——— = = constant 
sinr v, 


It has also been proved that the velocity of light in denser medium is less than velocity of light in rarer medium. 






Incident wavefront 
Scan to know 
more about 
this topic 

ALU B 


Refraction of 







Medium 1 i 
P Ai 
Medium 2 





Refracted 
E wavefront 

V <V] 
AB = incident wavefront 
EC = refracted wavefront 
Zi = angle between incident wavefront AB and interface PP’ 
Zr = angle between refracted wavefront FC and interface PP’ 
If medium 2 is optically denser than medium 1 and T is the time in which disturbance from B reaches C. This is 
the same time t in which disturbance from A reaches E where distance AE < BC. 


AAEC = AABC 
hi os BC 
sini = — 
AC 
AE 
sinr = — 
AC 
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4 


sini _ 


sinr 


BC 


AE 


BC = Distance travelled by wave at B in time z in medium 1 


AE = Distance travelled by wave at A in time t in medium 2 
sini _ vT 


sinr 
sini 
Hence at 

sinr 


This is law of refraction (Snell’s law). 
Reflection of light by Huygens' Principle 


AB = incident wavefront 
EC = reflected wavefront 
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=— = constant 


Incident 
wavefront 


B Reflected 


wavefront 


N 


Zi = angle between incident wavefront AB with the interface AC 
Zr= angle between reflected wavefront EC with the interface AC 
If disturbance at A is reflected from the interface AC, then disturbance at B and disturbance at A both travel in 
same medium. Thus, they will have travelled equal distance in time z, where z is the time in which disturbance 


from B reaches at C. 


Now AE = BC = vt (distance travelled in same medium in same time) 


AAEC = AABC 


o 77 


This is law of reflection. 


Objective Type Questions 





(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Light propagates rectilinearly, due to 
(a) wave nature 

(b) wavelengths 

(c) velocity 


(d) frequency [RI 
Correct option : (a) 

Explanation : Light does (in the absence of mass 
and in the same medium) travel in a straight line 
and this property is called rectilinear propagation 
of light. Due to the properties of light , it is a 
transverse wave as it consists of oscillating electric 
and magnetic fields in directions perpendicular to 
each other. 


. Which of the following is correct for light diverging 


from a point source? 

(a) The intensity decreases in proportion with the 
distance squared. 

(b) The wave front is parabolic. 

(c) The intensity at the wavelength does not 
depend on the distance. 


(d) None of these. [R] 


(1 mark) 
Ans. Correct option : (a) 
Explanation : Due to the point source light 
propagates in all directions symmetrically and 
hence, wavefront will be spherical. As intensity 
of the source will be I < 1/r? where, r is radius of 
the wavefront at any time. Hence the intensity 
decreases in proportion to the distance squared. 
Q. 3. The phenomena which is not explained by 
Huygens’ construction of wavefront 
(a) reflection 
(b) diffraction 
(c) refraction 
(d) origin of spectra [R] 
Ans. Correct option : (d) 
Explanation : Since, the origin of spectra is an 
atomic level process. SO, it cannot be explained by 
the Huygens’ construction of wavefront. 
(II) FILL IN THE BLANKS 
Q. 1. The wavefront is a continuous locus of particles 
of medium vibrating in the same ........... at any 
instant. [R] 
Ans. phase 
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Q. 2. According to corpuscular theory of light, the 
different colours of light are due to the different 
size of the............... [R] 

Ans. corpuscles 

Q. 3. Huygen’s wave theory fails to explain the particle 
nature of light which is known as.......... 

Ans. photoelectric effect 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Define the term wavefront. 
IR] [O.D. Comptt. I, II, HI 2014] 
Ans. The locus of all points those are in the same phase. 
Or 


The surface of constant phase. 1 
[CBSE Marking Scheme 2014] 


Detailed Answer : 

Wavefront is locus of all points in which light waves 

are in same phase. Propagation of wave energy is 

perpendicular to the wavefront. 1 
Q. 2. What type of wavefront generated from 

(i) line source 

(ii) point source [R] 
Ans. (i) Cylindrical wavefront is generated from a line 

source. 1⁄2 


(ii) Spherical wavefront is generated from a near point 


— 


Q. 1. Based on Huygens construction, draw the shape of 
a plane wavefront as it gets refracted on passing 
through a convex lens. [Foreign Comptt. 2016] 


Ans. E 





Transverse 
Wavefront 2 


[CBSE Marking Scheme 2016] 


Plane Wavefront 


À Long Answer Type Questions-l 


Q. 1. (i) Define the term wavefront. State Huygen's 
principle. 

(ii) Consider a plane wavefront incident on a thin 
convex lens. Draw a proper diagram to show how 
the incident wavefront traverses through the lens 
and after refraction focuses on the focal point of 
the lens, giving the shape of the emergent wave 
front. [R] 


Å Short Answer Type Questions 
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source while it would be plane wavefront if point 
source is far away. 1⁄4 
Q. 3. What is the phase difference between any two 
points of a wavefront ? 


Ans. All points of a wavefront are in the same phase. 
Hence, there is no phase difference between any 


two points of a wavefront. 1 
Q. 4. Is the speed of light in glass independent of the 
colour of light ? 


Ans. No, the speed of light in glass or any medium is 
dependent on the colour of light as all colours have 
different refractive index for any medium. 1 

Q. 5. Draw the wavefront, if a point source is placed at 
point 2F of a convex lens. 


Ans. 





Q. 6. What is the value of phase difference between two 
points on the same wavefront ? 


Ans. Zero 


(2 marks each) 


Q. 2. Define secondary wavelets and how can we 


construct new wavefront with them ? [R] 


ns. According to the Huygens' principle, every particle 
of the medium, situated on the wavefront, acts as a 
new source of light wave from which new similar 
waves originate. These waves are called secondary 
wavelets. 1 
The envelop of the secondary wavelets in the 
forward direction at any instant gives the new 


wavefront at that instant. 1 


(3 marks each) 


Ans. (i) Try yourself Similar to Q. 1, Very Short Answer 
Type Questions. 1 


Huygens' Principle : Each point of the wavefront 
is the source of a secondary disturbance and the 
wavelets emanating from these points spread 
out in all directions. These travel with the same 
velocity as that of the original wavefront. 1⁄2 
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(ii) The shape and position of the wavefront, after 
time ‘t, is given by the tangential envelope to the 


secondary wavelets. 1⁄4 
L 





Transverse 
Wavefront 





Plane Wavefront 


Btn 
[CBSE Marking Scheme 2017] 


Commonly Made Errors 


e (i) Many students couldn't define wavefront. 
(ii) Many students couldn't write all points of 
Huygens' principle. 





Answering Tip 


e The concepts of wavefront and Huygens' principle 
should be properly revised. 





Q. 2. (i) Compare Maxwell's electromagnetic theory 
with Huygens wave theory of light. 
(ii) Define incident angle of a light wave. [R] 
Ans. (i) Both theories treat light as a wave in nature. 
However, as per the electromagnetic theory, light 
does not need any medium to propagate while for 
Huygens' wave theory, a medium is must. That is 
why, he assumed a hypothetical medium ‘ether’ 
through which light wave travels in vacuum. 2 
(ii) Angle between incident wavefront with the 
interface is called the incident angle of light wave.1 


Q. 3. Define the term wavefront. Using Huygen's wave 
theory, verify the law of reflection. 


[Delhi LILIII 2019] 

Ans. Definition of the wavefront 1 

Verification of the law of Reflection 2 

The wave front is defined as a surface of constant 

phase 1 
Alternatively : 


The wave front is a locus of points which oscillate 
in phase. 


Consider a plane wave AB incident at an angle ‘ï 
on a reflecting surface MN 


Incident 
wavefront 











Reflected 
wavefront 


C 





N 1 
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let t = time taken by the wave front to advance 
from B to C. 
5 BC = vt 

Let CE represent the tangent plane drawn from 
the point C to the sphere of radius ‘vt’ having A as 
its center. 


then AB = BC =v 1⁄; 
it follows that 

A EAC = ABAC 
Hence Zi = Zr uy 


~. Angle of incidence = angle of reflection 
[CBSE Marking Scheme, 2019] 


Q. 4. Define the term, "refractive index" of a medium. 
Verify Snell's law of refraction when a plane 
wavefront is propagating from a denser to a rarer 


medium. [Delhi LILIII 2019] 
Ans. Definition of the refractive index 1 
Verification of laws of refraction 2 


The refractive index of medium 2, w.r.t. medium 
1 equals the ratio of the sine of angle of incidence 
(in medium 1) to the sine of angle of refraction (in 





medium 2). 1 
Alternatively, 
Refractive index of radium 2 w.r.t. medium 1 
sini 
5 ss 
sinr 
Alternatively, 


Refractive index of medium 2 w.r.t. medium 1 1 


_ velocity of light in medium 1 


velocity of lightin medium 2 





Incident wavefront 


Medium 1 







Refracted wavefront 


The figure drawn here shows the refracted wave 
front corresponding to the given incident wave 
front. 

It is seen that 





m- 1, 
AC AC 

. AE. oE 

sinr =——=— 
AC AC 

sini v 

s =— =u; 1⁄2 

sinr o, 


This is Snell’s law of refraction. 
[CBSE Marking Scheme, 2019] 
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Detailed Answer : 
Refractive index : It is the ratio of the velocity of 


light in air to velocity of light in a given medium. 






denser 
medium 


rarer 
medium 


Plane wavefront AB is incident on the interface at 
an angle "7". "t" is time taken by the wavefront to 


travel distance BC. 
Thus BC = v,t 


CE represents the refracted wavefront. 


ee, BC v,t 
sini = — = — 
AC AC 
and sin r = 2E = 2i 
AC AC 
sini _ v 
sinr U, 


Thus we get a result that if r < i (ray bends toward 
normal), speed of wave in second medium will be 


less than the speed of wave in the first medium 


C C 
as n, = — andn, = — 
0, U, 

sini c / H 


sinr c/n, 


= n,sin t= n,sin r 


This is snell's law of refraction. 


Consider A ABC and A AEC 
À Long Answer Type Questions - [l (5 marks each) 


Q. 1. (i) State Huygens’ principle. Using it, construct a 
ray diagram for a plane wavefront getting incident 
on a denser medium. 


(ii) Use Huygens’ principle to prove the laws of 
reflection of light. 
Ans. (i) Huygens' principle : 


In a wavefront, every particle acts as a new source 
of disturbance which are known as wavelet that 


travel in every directions with velocity of wave. 


The forward (tangential) envelope of all these 


wavelets at any time gives new wavefront. 1 






Incident wavefront 


= P' 


Refracted 
E wavefront 







Incident 
wavefront 


B Refracted 
wavefront 


N 


AB = incident wavefront 
EC = reflected wavefront 


£i = angle between incident wavefront AB and the 
interface AC. 


Zr = angle between reflected wavefront EC and the 
interface AC. 1 


If disturbance at A is reflected from the interface 
AC then disturbance at B and disturbance at A both 
travel in same medium and they will have travelled 
equal distances in same medium in time t. Where t 


is the time in which disturbance from B reaches at 
C 


Now AE = BC (distance travelled in same medium 
in same time) 


AAEC = AABC 
Z= ZY 
This is law of reflection. 1 
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TOPIC-2 


Superposition of light waves (Interference and 
Diffraction) 





Revision Notes 


> According to superposition principle, “At a particular point in the medium, the resultant displacement produced 
by a number of waves is the vector sum of the displacements produced by each wave”. 
It means that if individual displacement produced at a point by two coherent waves at any instant is given by 
y, = acos @t and y, = acos wt. 

Then, resultant displacement at that point will be 

y = y, + y, = 2acos wt. 
Hence, the total intensity at that point will be : 

I =4I, 
where, I, < a’; maximum intensity due to one wave. 


Interference 


> Constructive Interference : If two waves are propagating such that crest and trough of both waves would reach 
at a point in the same instant, then we say there is constructive interference of two waves at that point. The 
resultant amplitude of the wave is the sum of individual amplitudes. (We can generalize this to superposition of 
more than two waves) a = a, + a, 


> Destructive Interference : If two waves are propagating such that crest of one wave and trough of other wave 
reaching at a point in same instant, then we say that there is destructive interference of two waves at that 
point. The resultant amplitude of the wave is the difference of individual amplitudes. (We can generalize this to 


superposition of more than two waves) a = a, —a, 


> Two independent sources can never be coherent. We may create two coherent sources by deriving them from one source. 


Condition for constructive Interference 


> Waves would be coherent in nature. Coherent wave means they should have equal frequency and constant phase 
difference (0, 2r, --- 2nm) with each other at any time interval t. 


Path difference between waves at this phase difference = 0, À, ----- nÀ, Here, n = 0,1,2,3...... 


A, =A, +4, 
if A, =A, =a 
then a, = 2a 

I= a° 
I, = 4a? 


Condition for destructive interference 


> Waves would be coherent in nature. The phase between the waves should be odd multiples of x, i.e., 0, 1, .... (2n — 1)n 


> Path difference between waves at this phase difference = z, = (2n — Dz , Here, n = 1, 2, 3, 4.... 


a, =a, — a 
if A, = a 
then a, = 0 
I = a° 
,=0 
Constructive Interference Destructive Interference 
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> 


> 


Young’s double slit Experiment Scan to know 
more about 
this topic 


OF 4 


Ops 
Young's Double 
Slit 





At “O” we get central maxima. Here, path difference (S,P — S,P) = 0 


At “P”, which is at “x” height from “O” path difference (S,P—S,P)= = 


Condition for P to be a bright spot 


nD À 
Xnth bright = a 


where, n is number of bright fringes after central fringe. 
Condition for P to be a dark spot 
i 0, E (2n Panes 
D 2 2 
(2n+1)D 
x =— 
nth dark 24 


Here, n is the number of dark fringes after central fringe. 
Width of the bright fringe (@ 3) = x,,— x, _ yB = Ph 


Width of the dark fringe (@p) = x, p- Xu- pD = = 


Width of the central fringe (@,) = 2 


Hence O, = Op = Oc 


Diffraction 


It is defined as the bending of light around the corners of an obstacle or aperture into the region where we should 
expect shadow of the obstacle. 





If width of the opening = a 
0 is the angle of elevation of point P from principal axis. 
Path difference between ray from L and ray from N = LQ = asin 9 


asin0 = À 
; : À 
v for first maxima ° (..sin0=0)sin0 <<< 1 


It is observed that when path difference = A, 2A ...... (2n — 1)À then P is a dark point. 


When asin 0 = =, et (2n+ Dz then P is a bright point. 
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Elevation angle for first bright fringe 0;p = = 
a 


> Height of first dark fringe xp = = 
a 


> Elevation angle for first dark fringe @,, = À 
a 


> Width of the bright fringe = DÀ 
a 


> Width of the dark fringe = DÀ 
a 


> Width of the central fringe = Zee 
a 


> There is no gain or loss of energy in interference or diffraction, which is consistent with the principle of 
conservation of energy. Energy only redistributes in these phenomena. 


Know the Formulae 


> Condition for constructive interference for coherent waves 
@ Constant phase difference(0, 21, --- 2nm) 
@ Path difference = 0, À ...... nÀ 

> Condition for destructive interference for coherent waves 


@ Phase difference(0, r, --- (2n — 1)r) with each other at any time interval t. 


@ Path difference = =, -----(2n — + 


> In Interference Pattern 


@ Width of the bright fringe = = 


@ Width of the dark fringe = = 


@ Width of the central fringe = 2 


@ All fringes have equal fringe width 
> In Diffraction Pattern 


If angle of elevation of any point P on screen = us 
a 


Condition that P would be dark point when path difference = A, 2A .... (2n — 1)À 


Condition that P would be bright point when path difference = = , (2n + = 


Width of the bright fringe = Dh 
a 


Width of the dark fringe = Dh 
a 


Width of the central fringe = — 
a 


Height of first bright fringe x,, = a! 
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A Objective Type Questions 
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(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q. 1. In a Young's double-slit experiment, the source is 
white light. One of the holes is covered by a red 
filter and another by a blue filter. In this case, 


(a) there shall be alternate interference patterns of 
red and blue. 


(b) there shall be an interference pattern for red 
distinct from that for blue. 
(c) there shall be no interference fringes. 


(d) there shall be an interference pattern for red 


mixing with one for blue. [NCERT Exemplar] 
Ans. Correct option : (c) 


Explanation : For sustained interference, the source 
must be coherent and should emit the light of same 
frequency. 

In this problem, one hole is covered with red and 
other with blue, which has different frequency, so 
no interference takes place. 

Q. 2. Two coherent monochromatic light beams of 
intensities I and 41 superimpose. The maximum 
and minimum possible intensities in the resulting 
beam are: 

(a) 5] and I 
(b) 5I and 3I 
(c) 3I and I 
(d) 9I and I 
Ans. Correct option : (d) 
Explanation : Using, Lax = L + I, 
+21, xI, =91 


I, =L +I -2VJ1,xI, =I 


Q. 3. A laser beam is coherent because it contains 
(a) waves of several wavelengths. 
(b) incoherent waves of a single wavelength. 
(c) coherent waves of several wavelengths 


(d) coherent waves of a single wavelength. Ri 


Ans. Correct option : (d) 
Explanation : Since the light coming out of LASER is 
a monochromatic light i.e. single colored. The single 
colored light will have the wavelength by which it 
can be said as coherent as well. 


(ID FILL IN THE BLANKS 
Q. 1. If the ratio of intensities of two waves is 1 : 25, then 
the ratio of their amplitudes will be .................. 
Ans.1:5 


Q. 2. For interference of the two sources, phase 
difference must be .................. [R] 


Ans. constant. 


Q. 3. Thewidthofbrightfringeis.................. proportional 
to the distance between two slits. [R] 


Ans. inversely 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Define the term ‘coherent sources’ which are 
required to produce interference pattern in Young's 
double slit experiment. 


[R] [Delhi Comptt. I, II, III 2014] 
Ans. Two monochromatic sources, which produce 


light waves, having a constant phase difference, 
are known as coherent sources. 1 


[CBSE Marking Scheme 2014] 


Q. 2. Draw a graph showing the intensity distribution 
of fringes due to diffraction at single slit. 
IR! [CBSE Comptt. 2018] 


Ans. 


Relative 
intensity 





Position on screen 1 

[CBSE Marking Scheme 2018] 
Q. 3. If red and blue lights are used in Young’s double 
slit experiment, what kind of fringes will appear 
on the screen? 


Ans. When the red and blue light come in through their 
respective slits with frequencies being different, 
they are incoherent sources. At any point on the 
screen, the phase difference changes at a rate equal 
to the difference of the angular frequencies of the 
red and blue lights. This is such a high rate that 
our eyes perceive an average of the fast changing 
intensities at each point, and we observe a flat rose- 
magenta colour without any dark regions. 


Q. 4. Why does the intensity of the secondary maximum 


become less as compared to the central maximum? 


Ans. As the order increase only = (where n is an odd 
n 


number) of the slit will contribute in producing 


brightness at a point in the diffraction. So, the higher 
order maxima are not so bright as the central. 
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Å Short Answer Type Questions (2 marks each) 


Q. 1. Draw the intensity pattern for single slit It is superposition of|lt is superposition of 
diffraction and double slit interference. Hence, waves. many waves. 
state two differences between interference and It depends upon the|It depends upon the 


diffraction patterns. [OD, Foreign 2017] distance between two |aperture of single slit 


Ans. I openings. 


Many fringes are visible. | Fewer fringes are 
I max visible. 


All fringes are of same | Central fringe has 





brightness. maximum brightness, 
then it reduces 
1⁄4 gradually. 


3. 2, 1. O IA 2A 3À (Anal ro) h.+ 7 
— 5 = 
P EEE Commonly Made Error 


e Some students do not know the correct difference 
between interference of light and diffraction of 
light. 





1 
2 Answering Tip 


e The diagrams of the interference and the diffraction 
should be carefully observed. 





Q. 2. Find the intensity at a point on a screen in Young’s 
double slit experiment where the interfering waves 
have a path difference of (i) A/6, and (ii) A/2. 


[Foreign 2017] 


Differences : 


All maxima have | Maxima have different 
equal intensity | (rapidly decreasing) intensities a 
Ans. Phase difference = 2 x Path difference 
) 


All fringes have | Different (changing) width Pub qu anan À as a. V 
equal width 6 3 
Superposition of | Superposition of wavelets , Ñ I 

two wavefronts | from the same wavefront Path difference > = Phase difference =n % 


h+ Ó 
(Any two) I = 4I,cos* j 
[CBSE Marking Scheme 2017] 
Detailed Answer: (i) I, = ly x 2 31. y, 









Intensity Pattern : 


I I 


[CBSE Marking Scheme 2017] 


Detailed Answer: 


Phase difference between interfering waves 





ZA AAO ADA BA f Gua on 
Inteference fringe pattern Diffraction fringe pattern ọ = a x path difference 


1⁄2+1⁄2 


Difference between Interference and Diffraction : (i) Path difference = 


Fringe width is constant. | Fringe width varies. -. Phase difference = 27 T = 
6 


Fringes are obtained| Fringes are obtained À 


À 
6 


with the coherent light | withthemonochromatic 
coming from two slits. | light coming from single I = 4I,cos* 
slit. 


le wla 


| 


N 
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41, cos? = 
6 


3 
4L x—=3l 
04 0 


(ii) Path difference = : 


<. Phase difference, b = a x is = T 
À 2 
I = 4I, cos” : 
2 


= 41) cos? ~ = 0 
2 


Q.3. A narrow slit is illuminated by a parallel beam 
of monochromatic light of wavelength À equals 
to 6000 A and the angular width of the central 
maxima in the resulting diffraction pattern is 
measured. When the slit is next illuminated by 
light of wavelength 1’, the angular width decreases 
by 30%. Calculate the value of the wavelength X. 


[SOP 2018-19] 





Ans. Angular width 20 = 2A/d 1⁄4 
Given, À = 6000 À 1 
In case of new wavelength (assumed X here), 
angular width decreases by 30% 1⁄2 
‘ 100 — 30 9 
100 
= 0.70 (20) 
2X! 


= = 0.70 x (2d) 


X = 4200 Å Vs 
[CBSE Marking Scheme 2018 


À Long Answer Type Questions-l 


Q. 1. Give reasons : 

(i) When monochromatic light is incident on a surface 
separating two media, the reflected and refracted 
light both have the same frequency as the incident 
frequency. 

(ii) When light travels from a rarer to a denser 
medium, the speed decreases. Does this decrease 
as speed imply a reduction in the energy carried 
by the wave ? 

(iii) In the wave picture of light, intensity of light is 
determined by the square of the amplitude of the 
wave. What determines the intensity in the photon 


picture of light ? 
[OD 2016] 
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Q.4. A parallel beam of light of 500 nm falls on 
a narrow slit and the resulting diffraction 
pattern is observed on a screen 1 m away. It is 
observed that the first minima is at a distance of 
2.5 mm from the centre of the screen. Calculate the 
width of the slit. [O.D. I, IL, III 2013] 

Ans. The distance of the 1st minima from the centre of 
the screen is, 

DA 


x dark = sae 


D = distance of slit from screen, 
À = wavelength of the light, 

a = width of the slit. 
According to question, 


where, 


D=1m 
À = 500 nm 
height of first minima = 2.5 mm 1 
1x 500x107 
2.5 x 10° = = w 
= a=2x10-4m=02mm 
a = 0.2 mm. 1 


Commonly Made Errors 


Number of candidates use incorrect formula. 
Some of the students do not know the correct 


meaning of the symbols i.e., 'D' and 'd', hence they 
interchanged them. 

Some students do not convert 'nm' to m as well as 
'mm' to m. 





Answering Tip 


e While solving the numerical, the values should 


be put in SI units and calculations should be done 
properly. 





(3 marks each) 


Ans. (i) Reflection and refraction arise through 
light 
constituents of matter which vibrate with the 


interaction of incident with atomic 
same frequency as that of the incident light. 


Hence, the frequency remains unchanged. 


(ii) No. [Energy carried by a wave depends on the 
amplitude of the wave, not on the speed of wave 
propagation]. 

(iii) For a given frequency, intensity of light in the 
photon picture is determined by the number of 


photon incident normally on a crossing an unit 
1+1+1=3 


[CBSE Marking Scheme 2016] 


area per unit time. 


www.jeeneetadda.in 


WAVE OPTICS 


Q. 2. (a) If one of the two identical slits producing 
interference in Young’s experiment is covered 
with glass, so that the light intensity passing 
through it is reduced to 50%, find the ratio of the 
maximum and minimum intensity of the fringe in 
the interference pattern. 

(b) What kind of fringes do you expect to observe 
if white light is used instead of monochromatic 
light ? [OD 2017, 2018] 


Ans. (a) Finding the (modified) ratio of the maximum 

and minimum intensities 2 

(b) Fringes obtained with white light. 1 

(a) After the introduction of the glass sheet (say, on the 
second slit), 





I, 1 
we have J o yy, 
<. Ratio of the amplitudes, 
ao jL l 1 
u V2 A x 
dines Ë + Az J 1 
Hence es 12 
min Ay — Ag 


Ans. 





Ji- 
_ = lli 
141-2 
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(2 I 
E (H) a 


(b) The central fringe remains white. 
No clear fringe pattern is seen after a few (coloured) 





fringes on either side of the central fringe. 1 
[Note : For part (a) of this question, 
The student may 

(i) Just draw the diagram for the Young's double slit 
experiment. 


Or 


(ii) Just state that the introduction of the glass sheet 
would introduce an additional phase difference 
and the position of the central fringe would shift. 
For all such answers, the student may be awarded 
the full (2) marks for this part of the question. ] 

[CBSE Marking Scheme 2018] 
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Q. 3.Write two points to distinguish between interference 

and diffraction fringes. 

(ii) In a Young’s double slit experiment, fringes are 
obtained on a screen placed at a certain distance 
away from the slits. If the screen is moved by 5 cm 
towards the slits, the fringe width changes by 30 
pm. Given that the slits are 1 mm apart, calculate 
the wavelength of the light used. 


[Comptt. 2018] 

Ans. (a) Two points of difference V+ 
(b) Formula 2 
Calculation of wavelength 12 


(a) Any two points of difference 


Fringes are equally | Fringes are not equally 
spaced. spaced. 


Intensity is same for all | Intensity falls as we go to 


maxima. 


Superposition of two 


waves originating from 
two narrow slits. 


Maxima along an angle 
Ma for two narrow slits 
separated by a distance a. 


successive maxima away 
from the centre. 


Superposition of a con- 
tinuous family of waves 
originating from each 
point on a single slit. 


Minima at an angle of A/a 
for a single slit of width 


A. 





AtA 


(b) Let D be the distance of the screen from the plane 


of the slits. 
We have 
Fringe width, B 
In the first case 
B 
In the second case 
(B-30 x 10) = 


= V2 
= =: or Bd = XD ...ü) % 
)(D— 0.05) 
d 


[Topper' S Answer, 2018] 





Or (B — 30 x 10 %)d = A(D - 0.05) ... (1) 1⁄4 
Subtracting (ii) from (i) we get 
O x 10° x d = À, x 0.05 
_ 30x 1086210” 
5x10 
À SGAO T = 600 nm % 
[CBSE Marking Scheme 2018] 


[BI] Q. 4. A monochromatic light of wavelength À is incident 


normally on a narrow slit of width ‘a’ to produce a 
diffraction pattern on the screen placed at a distance 
D from the slit. With the help of a relevant diagram, 
deduce the conditions for maxima and minima on 
the screen. Use these conditions to show that angular 
width of central maxima is twice the angular width 


of secondary maxima. [Foreign II 2017] 


Ans. 
To P 





1⁄2 
The path difference 
NP-LP = NQ 
= asin 0 = aĝ 
as 0 <<<1 ~. sin 0 = 0⁄4 


By dividing the slit into an appropriate number of 
parts, we find the point P for which 


nÀ 
(i) 8 = — are points of minima. 1 
a 


1 \A 
(ii) 0 = Ë t > i. are points of maxima 1⁄2 
a 


Angular width of central maxima, 
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0 = — 1 
= = Ys 
Angular width of secondary maxima = 0, - 9, 
= ot Bes 
aoa a 
= 5 x Angular width of central maxima 1⁄2 


[CBSE Marking Scheme 2017] 


Q.5. Consider a two slit interference arrangement 
(shown in figure) such that the distance of the 
screen from the slits is half the distance between 
the slits. Obtain the value of D in terms of A 
such that the first minima on the screen falls at a 
distance D from the centre O. [U [CBSE SQP 2016] 





Ans. 
2 | a A ee et Ae ee Seger T 
P OP =X 
Source CO=D d 
g C O S,C=S,C=-> 
eee T. 
<Screen 


TP=D+xT P=D-x % 


À Long Answer Type Questions - Il 


Q. 1. (i) Explain the two features to distinguish between 
the interference pattern in Young’s double slit 
experiment with the diffraction pattern obtained 
due to single slit. 

(ii) A monochromatic light of wavelength 500 nm is 
incident normally on a single slit of width 0.2 mm 
to produce a diffraction pattern. Find the angular 
width of the central maximum obtained on the 
screen. 

Estimate the number of fringes obtained in Young’s 
double slit experiment with fringe width 0.5 mm, 
which can be accommodated within the region of 
total angular spread of the central maximum due 
U| [Delhi I, II 2017] 





to single slit. 


Ans. (i) Try yourself, Similar to Q. 1, Short Answer 


Type Questions 1 
(ii) Angular width of central maximum 
- 1 
a 
-9 
= AZON = radian 1 
0.2x10™ 


= 5 x 10° radian 
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SP = Shy + PRY] ⁄ 


= [D2 s (D — x)2J!2 1 
S.P = [D° + (D +y % 
Minima will occur when 
= [D> + (D +x] 
_ [D2 + (D - xy]? 


i 
=ç TA 
If vap 
À 
2 ie «yale . = 
(D? +40)! (Dy? = 5 
À 
nie IDAN — Z 
(5D2)12— (DD): = Š 
D(V5 -1) - 
) 
aa 
2/5 —1) A 


[CBSE Marking Scheme 2016] 


(5 marks each) 


AD 
Now, B = — 
d 
Linear width of central maxima in the diffraction 
pattern 


Let ‘n’ be the number of interference fringes 
which can be accommodated in the central 


maxima. T 
n x B = P 
ZAD d 
= — Ü vK X — 
d ÀD 
n=? 


[Award the last 1⁄2 mark if the student writes the 
answer as 2 (taking d = a), or just attempts] % 


[CBSE Marking Scheme 2017] 


Q. 2. In Young’s double slit experiment, deduce the 


condition for (a) constructive, and (b) destructive 
interference at a point on the screen. Draw a graph 
showing variation of intensity in the interference 
pattern against position ‘x’ on the screen. 
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(ii) Compare the interference pattern observed 
in Young's double slit experiment with single 
slit diffraction pattern, pointing out three 
distinguishing features. U [Delhi 2016] 


Ans. (i) 








From figure, 
Path difference = (S,P — S P) 


2 2 
(S,P)* — (S, P)” = 2. [=+ 2] kz | 


(S,P + S,P)(S,P-S,P) = 2xd 


2xd 
= ep-Sp= r 
(S. P# SIP) 
For x d <= 1D 
2xd xd 
S.P = S,P = oDd al yy 


For constructive interference, 


SP- SP = nÀ, =U, 
= = = nÀ ⁄ 
nàD 
x= — 
d 
. Position of the nth bright fringe on screen : 
= 3: = nÀ 
D 
For destructive interference 
SPO mp = (Ən +1)2 
J” = 0 1.2... 
= cm 
D 
ÀD 
= = (2n+1)— 1⁄2 
i ° 
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Imax 


BA 2k A Ü Rh Br Br 
—-> Path Difference yu 


(ii) (a) The interference pattern has number of 
equally spaced bright and dark bands, while in 
the diffraction pattern the width of the central 
maximum is twice the width of other maxima. % 

(b) In Interference, all bright fringes are of equal 
intensity, whereas in the diffraction pattern the 
intensity falls as order of maxima increases. '% 

(c) In Interference pattern, maxima occurs at an angle 


À 


—, where, zis the slit width, whereas in diffraction 
a 


pattern, at the same angle i.e., at _ first minima 
a 


occurs. 
(Here ‘a’ is the size of the slit) 1 
(Any other distinguishing feature) 

[CBSE Marking Scheme 2016] 


Q.3. (a) There are two sets of apparatus of Young’s 
double slit experiment. In set A, the phase 
difference between the two waves emanating from 
the slits does not change with time, whereas in set 
B, the phase difference between the two waves 
from the slits changes rapidly with time. What 
difference will be observed in the pattern obtained 
on the screen in the two set ups? 


(b) Deduce the expression for the resultant intensity 
in both the above mentioned set ups (A and B), 
assuming that the waves emanating from the 
two slits have the same amplitude a and same 
wavelength i. [SQP 2018-19] 


Ans. (a) Set A : Stable interference pattern, the 
positions of maxima and minima do not change 
with time. 1 
Set B : Positions of maxima and minima will 
change rapidly with time and an average uniform 
intensity distribution will be observed on the 
screen. 1 

(b) Expression for intensity of stable interference 
pattern in set-A 2 
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If the displacement produced by slit S, is 
y, = acos wt 
then, the displacement produced by S, would be 
y, = acos (œt + 9) 
and the resultant displacement will be given by 
Yy =y ty 
= a[cos œt + cos (œt + 9)| 
= 2acos (0/2)cos (wt + 0/2) 
The amplitude of the resultant displacement is 
2acos (/2) and therefore the intensity at that 


point will be 
I = 41 cos? (/2) 
0 = 0 
y I = 4h 
In set B, the intensity will be given by the average 
intensity 
I = 41, cos? (/2) 1 
I = 21 


[CBSE Marking Scheme 2018-19] 


Q. 4. (i) State the essential conditions for diffraction of 
light. 
(ii) Explain diffraction of light due to a narrow single slit 
and the formation of pattern of fringes on the screen. 
(iii) Find the relation for width of central maxima in 
terms of wavelength ‘i’, width of slit ‘a’, and 
separation between slit and screen ‘D’. 


(iv) If the width of the slit is made double the original 
width, how does it affect the size and intensity of 
the central band ? [Foreign 2016] 


Ans. (i) Size of slit/aperture must be smaller than that 
of the order of wavelength of light. 1 


(ii) 





At any other point P, the path difference between 
two edges of the slit is 
NP - LP = NQ. 

= asin 90 = a9 sin 0 is small 
Any point P, in direction 9, is a location of minima 
if að = nÀ 
Thiscan be explained by dividing the slit into even 
number of parts. The path difference between 
waves from successive parts is 180° out of phase 
and hence cancel each leading to a minima. 1⁄2 
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Any point P, in direction Q, is a location of maxima 


if að = [n+p 


This can be explained by dividing the slit into 
odd number of parts. The contributions from 
successive parts cancel in pairs because of 180° 
phase difference. The unpaired part produces 
intensity at P, leading to a maxima. 


(iii) If 0 is the direction of first minima, then 


a0 =À 
= 0 = A 
a 
Angular width of central maxima = 20 
2À 
Linear width of central maxima, 
a 
(iv) If 'a' is doubled, B becomes half 1⁄2 
Intensity becomes 4 times. 1⁄2 


[CBSE Marking Scheme 2016] 


Q. 5. (a) Define a wavefront. Using Huygens’ principle, 


verify the laws of reflection at a plane surface. 

(b) In a single slit diffraction experiment, the width 
of the slit is made double the original width. How 
does this affect the size and intensity of the central 
diffraction band ? Explain. 

(c) When a tiny circular obstacle is placed in the path 
of light from a distant source, a bright spot is seen 
at the centre of the obstacle. Explain why. 


[Delhi & OD, 2018] 
Ans. (a) Definition of wavefront % 
Verification of laws of reflection 2 
(b) Explanation of the effect on the size and intensity 
of central maxima 1+ 1 
(c) Explanation of the bright spot in the shadow of the 
obstacle 1⁄2 
(a) The wavefront may be defined as a surface of 
constant phase. Vy 


[Alternatively : The wave front is the locii of all 
points that are in the same phase] 







Incident 
wavefront 


p ,Refrected 
wavefront 1 


N 
Let speed of the wave in the medium be 'v' 


Let the time taken by the wave front, to advance 


from point B to point C be 't' A 
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Hence BC =o 
Let CE represent the reflected wave front 
Distance AE = ox = BC 
A AEC and A ABC are congruent 
Z BAC = Z ECA y2 
= Z= Zf VY 
(b) Size of central maxima reduces to half, 1⁄2 


(... Size of central maxima = 2 — ) 
o 


Intensity increases. 1⁄ 
This is because the amount of light, entering the 
slit, has increased and the area, over which it falls, 
decreases. 1⁄2 
(Also accept if the student just writes that the 
intensity becomes four fold) 

(c) This is because of diffraction of light. 


[Alternatively : Light gets diffracted by the tiny 
circular obstacle and reaches the centre of the 
shadow of the obstacle.] % 


[Alternatively : There is a maxima, at the centre of the 
obstacle, in the diffraction pattern produced by it.] 


[CBSE Marking Scheme 2018] 


Q. 6. (i) In Young’s double slit experiment, describe 
how bright and dark fringes are obtained on the 
screen kept in front of a double slit briefly. Hence 
obtain the expression for the fringe width. 

(ii) The ratio of the intensities at minima to the 
maxima in the Young’s double slit experiment is 
9: 25. Find the ratio of the width of the slits. 


Ans. (i) Try yourself similar to Q. 2 (i) Long Answer Type 
Questions - II 3% 
Now, fringe width, 

B = separation between two successive maxima 
(or two successive minima) 


E a n-i 
ÀD . 
= 1⁄ 
p d 
2 
(ii) Wehave mx _ ate) _ 2 
min (aa) 9 
a, + a> _ 5 s" a = 4 7 
nea. A ae ae 2 
fi — l7 3 A> j 
2 
wm 1 _ @) _ 16 7 
mu I, (ay) 1 


[CBSE Marking Scheme 2014] 


Q.7. When a plane wave front, of light, of wavelength 
À, is incident on a narrow slit, an intensity 
distribution pattern, of the form shown is 
observed on a screen, suitably kept behind 
the slit. Name the phenomenon observed. 
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(i) Obtain the conditions for the formation of central 
maxima and secondary maxima and the minima. 


(ii) Why there is significant fall in intensity of the 
secondary maxima compared to the central 
maxima, where as in double slit experiment all the 
bright fringes are of the same intensity ? 


(iii) When the width of the slit is made double the 
original width, how is the size of the central band 
affected ? 


Ans. The phenomenon observed is diffraction. 


(i) At the cental maxima : The contributions due to 
the secondary wavelets, from all parts of the wave 
front (at the slit), arrive in phase at the central 
maxima 0 = 0 


At the secondary maxima : 


It is the contributions from (nearly) 1/3 (or 1/5, or 
1/7,...) of the secondary maxima. These occur at 
points for which 


ös (n+) =) 12365) 1 
a, n = L 2 5 


At the minima : 


The contribution, from ‘corresponding pairs’, of 
the sub-parts of the incident wavefront, cancel 
each other and the net contribution, at the location 
of the minima, is zero. The minima occur at points 


for which, 0 = 1. (n= 1, 2, 3, =.) 1 
a 


[Note: Award these (1 + 1 + 1) marks if the student 
draws the diagram and writes the conditions, for 
0, for the three cases. ] 1 


(ii) There is a significant fall in intensity at the 
secondary maxima because the intensity t, is 
only due to the contribution of (nearly)(1/3 or 1/5 
or 1/7,......) of the incident wavefronts. 1 


(iii) The size of the central maxima would get halved 
when width of the slit is doubled. 1 


[CBSE Marking Scheme 2016] 


Q. 8. (a) Describe any characteristic features 
which distinguish interference and diffraction 
phenomena. Derive the expression for the 


intensity at a point of the interference pattern in 


two 


Young's double slit experiment. 
(b)In the diffraction due to a single slit 
experiment, the aperture of the slit is 3 mm. 
If monochromatic light of wavelength 620 nm 
is incident normally on the slit, calculate the 
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separation between the first order minima 
and the third order maxima on one side of the 
screen. The distance between the slit and the 
screen is 1.5 m. 5 


Ans. (a) Two characteristic features of distinction 2 
Derivation of the expression for the intensity 1 % 

(b) Calculation of separation between the first 
order 1% 

(a) (Any two of the following) 

(i) Interference pattern has number of equally 
spaced bright and dark bands while diffraction 
pattern has central bright maximum which is 

T+ 

(ii) Interference is obtained by the superposing of 


twice as wide as the other maxima. 


two waves originating from two narrow slits. 
The diffraction pattern is the superposition of the 
continuous family of waves originating from each 
point on a single slit. 


(iii) In interference pattern, the intensity of all bright 
fringes is same, while in diffraction pattern 
intensity of bright fringes go on decreasing with 
the increasing order of the maxima 


(iv) In interference pattern, the first maximum falls at 


À ; ; 
an angle of —. where a is the separation between 
a 


two narrow slits, while in diffraction pattern, at 
the same angle first minimum occurs. (where ‘a’ is 
the width of single slit.) 
Displacement produced by source S, 

Y, = a cos ot 
Displacement produced by the other source ‘S,’1/ 

Y,= a cos (wt + 9) 
Resultant displacement Y = Y, + Y, 

= a[cos wt + cos (wt + p) 


= 2acos B cos (œt + $) 1 


Amplitude of resultant wave 


_ 2) 
A= 2acos | > 
Intensity To A? 
| = KA= Kiros B yy 


(b) Distance of First order minima from centre of the 


central maxima = Xp = LE 1 


Distance of third order maxima from centre of the 
7DA 
1, 
2a 





central maxima X; = 
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<. Distance between first order minima and third 
order maxima= X, -X, 


_7DR AD 


2a a 

_ SDA 

~ Da 

_ 5x620x 10° x15 

Ë 2x3x10” 

=775x10°m 

=7.75x107*m 1⁄ 
[CBSE Marking Scheme 2019] 


Detailed Answer: 


(a) 


It is due to the | It is due to the 
superposition of | superposition of 
wavelets 


two different waves | secondary 


coming from two | from different parts of 


coherent sources. the same wave front. 


2. Fringe width is | Fringes are of varying 
constant. width. 


Young double slit experiment : 





S, and S, and two coherent sources. Then for an 
arbitrary point P where path difference is : 

S P — S,P = nÀ where, (n = 0, 1, 2) 

we will have constructive interference. and if path 
difference is : 


S P ~S,P = Ë + z) à where, (n = 0, 1, 2, 3) we will 
have destructive interference 
For any other arbitrary point let phase difference 
between two wavefronts be 6. 
Thus if displacement produced by S; is 
y, = acos wt 
and displacement produced by S, is 
y, = acos (œt + 9) 
Then resultant displacement 
y = y, + y, = a[cos wt + cos (wt + 9)] 


0 0 


= 2acos — cos (@t+ —) 
2 2 
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~. Amplitude of displacement is 2acos 2 


~”. Intensity,I = 41 cos B 


(b) Given aperture of slit d = 3mm = 3 x 10°m 
Wave length of light, 4 = 620 nm = 620 x 10°m 
distance between slit and screen, D = 1.5m 


~ width of slit d < < distance between slit and 
screen so the angle q is very small 


sin 0 = tan 0. 


sin 0 = tan 0 = ee 


D 15 
The equation of diffraction for minima 
d sin 0 = nÀ for first order minima, here y = y, 


—(3 x 10-3) x > = 1 x 620 x 10° 


_ 620x1.5x10° 
3x10” 


> Yı 
For nt order maxima, d sin 0 = Ë + z) À 


For third order maxima, here y = Y3 


or (3 x 10°) x 


1 
s = bD x 620 x 10° 


1.5 
7 620x10° 
or Y, = -ET x 1.5 
7 620x1.5x10 °? 
Thus, -7 = — 1 — K ` 
oa ted Ë | 3x10° 
= 5. 620x1.5x10° 
2 3 
= 775 mm 


Q. 9. (a) Why cannot the phenomenon of interference be 
observed by illuminating two pin holes with two 
sodium lamps ? 


(b) Two having 
displacements y, = a cos wt and y, = a cos 
(ot + f) from two coherent sources interfere 
to produce an interference pattern. Derive 
the expression for the resultant intensity and 
obtain the conditions for constructive and 
destructive interference. 


monochromatic waves 


(c) Two wavelengths of sodium light of 590 nm and 
596 nm are used in turn to study the diffraction 
taking place at a single slit of aperture 2 x 10° 
m. If the distance between the slit and the screen 
is 1.5 m, calculate the separation between the 
positions of the second maxima of diffraction 
pattern obtained in the two cases. 

[O.D. I,II 2019] 
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Ans.* Reason yy 


° Deriving the expression for resultant intensity 

and condition for constructive and destructive 
TAFA 
° Calculating the separation 2 


interference 


(a) Because two independent sources cannot be 
coherent OR they are not coherent Vv, 
(b) y, = acos wt 
y, = acos (wt +Q) 
So resultant displacement is give by 
y = 1, + 1; 
y = acos wt + acos (wt + 9) 
y = 2acos (6/2) cos(ot + 9/2) 
The amplitude of the resultant displacement is 
2acos(/2)and therefore intensity at that point will 


be I = 41, cos? (/2) 1 
For constructive interference : 

o=0,+ 27,2447 yy 
For destructive interference : 

ġ = 0r, £35,107 ,....... ⁄ 

(c) Position of second maxima, 
_ 5 ÀD 
a 2 — 


Separation between the positions of the second 
maxima with À, and À, is : 


5D(A, — A.) 
7 5 x 1.5 x (596 — 590) x 10” 
25210" 1 


=11.25x10°m 
[CBSE Marking Scheme, 2019] 


Detailed Answer : 

(a) The interference phenomenon can not be observed 
by using two illuminating pin holes with two sodium 
lamps because the light emitted from sodium lamps 
undergoes abrupt phase changes in 10-!°s which 
will not have any fixed phase relationship as they 
are incoherent. 

(b) The displacement equations for two monochromatic 
waves are given as 

y,= acos wt 

and y, = acos (wt + 9) 
Now, net displacement 
V =+ yv, 
= acos wt + acos (œt + 6) 
= acos wt + acos œt cos 0 — asin ot. sin 9 
= acos wt (1 + cos 0) — asin ot. sin $ 

a(l + cos $) = Asin 0 ...(i) 
— asin 0 = Acos 0 ... (i) 
y = Asin 0. cos wt + Acos 0 sin ot 


put 
and 
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y = Asin (wt + 8) 
Now, from equation (i) and (ii), 
A*(sin? 0+ cos20) = [a(1 + cos $)]* + (— asin 6)” 
A? = o2[1] + cos’ + 2cos 0 + sino] 
A? = 2a7[1 + cos 6] 


A? = 4a? cos? 2 


This is the required expression. 

For constructive interference, I should be maximum 
Lia = 407, if ọ = 0, + 2r, + 4r... 

For destructive interference I should be minimum 

| mataas uros t Su. 


mi 


(c) Wavelengths of solidum light, 
À, = 590 nm and A, = 596 nm 
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The general expression for nth secondary maxima 


Is given as 


dsin 9 = (2n + 1) > 


The separation between the position of second 


maxima 


5D 
p = (A, ~ A.) Oa 


Here,D, = 1.5m and d = 2.0 x 10% m 


(596 — 590) x 10° x 1.5 x 5 
7 2x(2.0x10 °) 


B = 11.25 x 10° m 
B = 11.25 mm. 
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Dual Nature 
of Radiation 
and Matter 


Syllabus 


> Dual nature of radiation; Photoelectric effect; Hertz and Lenard’s observations; Einstein’s photoelectric 
equation-particle nature of light. 

> Experimental study of photoelectric effect 

> Matter waves : Wave nature of particles; de-Broglie relation. 





Chapter Analysis 











Photoelectric Effect 
(3 marks) 
1Q 
(2 marks) 


Dual Nature of Matter 1Q 1Q 1Q 1Q 
(2 marks) (2 marks) (2 marks) | (2 marks) 


TOPIC-1 
Photoelectric Effect 






(3 marks) 





Revision Notes 


> In an attempt towards unification of study of Physics, Photoelectric 


TOPIC - 1 
effect was established, in 19th century, that everything in nature can Photoelectric Effect = P261 
be classified into either matter or radiation. 
TOPIC - 2 
> Several important experiments were carried out independently on Dual Naturecof Matter P. 274 


matter and radiations during that time. In 1897, Maxwell established 
electromagnetic theory which unified all radiations like light and 
heat.Maxwell established the wave theory of light. X-ray radiation was also discovered during that time in 1895. 


> Simultaneously, in study of matter, a milestone discovery of electron was done by J.J. Thomson 


Scan to know 


in 1897. It established that atoms of different matters constitute same particles and one of them s is no 
is topic 


is electron. 


> Electron Emission : Electron has two types of motion orbital or zig-zag motion in free state 


depending upon its energy. i.e., Free electrons have higher energy than orbital electrons. 


Electron 
° Free electrons in metals cannot come out from the surface due to force by positive ions Emissioa 





present in metals. Electron can come out of the metal surface only if it has got sufficient 
energy to overcome the attractive pull. 
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° Work Function of a metal : Work function of a metal is the minimum amount of work done (energy given) 
to its electron so that it can escape the metal surface. Work function is different for different metals. It is 
measured in electron volt (eV). 

° One electron volt is the energy gained by an electron when it has been accelerated by a potential difference 


of 1 volt. 
W 
V = — (gq =e, for an electron) 
e 
When V =1V; W = 1 eV; putting these values in equation 
Hence 1eV =1.6x 10” J 


Three types of electron emissions are as follows :- 


v 


Thermionic emission : When electron emission occurs by heating the metal, then it is known as thermionic 
emission. Emitted electrons are called thermionic electrons. 

> Field emission : When electron emission occurs by applying strong electric field, then it is known as field emission 
and emitted electrons are called field electrons. 


v 


Photoelectric effect : When electron emission is occurred by illumination of metal by light of suitable frequency, 

then it is known as photoelectric emission. Here, emitted electrons are called photo electrons. 

° When light falls on the metal surface, free electrons absorb energy from light and if this energy is more 
than the work function of metal, the electron escapes from the surface. This phenomenon is known as 
photoelectric emission. This was first observed by Hertz. 

Hallwachs' and Lenard's detailed study of Photoelectric effect : 

° In 1888, Lenard observed that when ultraviolet light falls on zinc metal, metal becomes positively charged. 
With the discovery of electrons, it was established that this is due to emission of electrons. The current 
produced by these photoelectric electrons is called photoelectric current. 


v 


e When the frequency of the incident light is smaller than a certain minimum value, called the threshold 

frequency, no emission of electrons take place. 
> Hertz and Lenard's experiment : This experiment led the formation of quantum theory of light as wave theory 

could not explain photoelectric effect. 

Experiment was carried to study the following two properties of light :- 

° Intensity of light : Power of light is directly proportional to the intensity of light. A higher power bulb (say 
100 watt) has more intensity than the lower power bulb (say 50 watt). 

° Frequency of light : Colour of light is due to its characteristic property of frequency. 


c 
v=— 
À 
where, v is frequency of light. 
> Experimental outcome : It showed that intensity of light has linear relationship with photoelectric current at a 
potential higher than stopping potential. 
> Effect of Potential on photoelectric current : 
For a given frequency of the incident radiation, the stopping potential is independent of its intensity. 


Scan to know 
more about 
this topic 


ll 





Stopping 
potential 
0 
«— Retarding Collector plate — 
potential potential 


> Effect of frequency of incident radiation on stopping potential : 
° It was observed that photoemission current starts only at certain minimum frequency of light known as 
threshold frequency of that metal. Below this frequency, photoemission does not take place inspite of intensity 
of light of that frequency, falling on photosensitive plate. 
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Photoelectric 
current 








ka 
‘3 


Saturation 
current 


-Vos -Voz -Vo Ü 
<< — U —.s<s.o.snn 
Retarding potential Collector plate 
potential (V) 
> Wave theory was inadequate or failed to explain the photoelectric effect due to the following reasons : 
e According to wave theory, higher amplitude means higher energy but experiments show that even larger 
amplitude (higher intensity) of light below threshold frequency can not give photoelectric effect. 
° According to wave theory, same intensity of different colour should have same energy but experiment 
shows that energy depends upon frequency, not amplitude. 
° According to wave theory, wavefront should take some time to give energy to electron but experimentally 
it was found that ejection of electron is instantaneous. 
> In 1900, Max Planck stated that electromagnetic energy can be emitted only in quantized form. 
E = hv 
where, h is Planck’s constant. 
> Based upon this postulate, Einstein established quantum theory of radiation and was able to explain photoelectric 
phenomenon by this theory. It states that light energy packets are known as photons (Particle nature of light). 
> In photoelectric effect, an electron absorbs a quantum of energy (E = hv) of radiation. If this absorbed quantum 
of energy exceeds, the minimum energy needed for the electron to escape from the metal surface (work function 
0), the electron is emitted with maximum kinetic energy. 
K.E. = hv — 9, 
where, @, is the work function of the metal. 
° Atstopping potential, kinetic energy of the ejected electron is zero. Below this potential, the electrons can not 
be ejected. Hence, maximum kinetic energy of an electron is calculated by 
K.E. ax = eVo 
where, V, is stopping potential. 
Work function of metal Do = Volt 


where, v, is the cutoff frequency or threshold frequency. 
° Maximum speed of emitted photoelectrons can be calculated as 


Vmax = N — 


e According to quantum theory, all photons of specific light frequency have equal energy. Intensity of light 
only increases the number of photons per unit area and not the energy of photons. 
e Photons are electrically neutral and are not deflected by electric and magnetic field. 
e Photon has energy to propagate, hence it has momentum. 
hv 


Momentum of photon p= — 
c 


° In photon- electron collision, number of electrons or photons are not conserved but energy and momentum 
are conserved. 
> As interference, diffraction and polarization cannot be explained by quantum theory of light, hence it was said 
that light has dual nature. When it travels in a medium, it travels as wave, while interacting with other medium 
it acts like particles (photons). 


Know the Formulae : 


> Einstein equation of photoelectric effect 
KE. = hv -0 


> Work function Do = hv, 
where, v, is the cutoff frequency. 


> Maximum speed of emitted photoelectrons can be calculated as 


www.jeeneetadda.in 


264 


] Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


— 


ho 
Momentum of photon, p = — asc = vA 


leV (one electron volt) = 1-6 x 10-1?J 
he _ 12375 
Energy of light E= — = ——(eV) 
A MB) 
If applied potential is V, the emitted energy E = eV 


leV = 1.6 x 10-9 J 


y Objective Type Questions 


(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q.1. 


Ans. 


Ans. 


The wavelength of a photon needed to remove 
a proton from a nucleus which is bound to the 
nucleus with 1 MeV energy is nearly 

(a) 1.2nm (b) 1.2 x 107 nm 


(c) 1.2 x 10°nm (d) 1.2 x 10 nm 


[NCERT Exemplar] 
Correct option : (b) 
Explanation : Energy of the photon must be equal 
to the binding energy of proton 
So, energy of photon= 1 MeV= 10®x1.6x10-!? J 


_ hc _6.63x10™x3x10° _6.63x3 


E 1.6x10 1.60 


= 2a x10” =12.4x10” =1.24x10' x10” 


x 10? 





=1.24x10° x10? =1.24x10° nm 


. Consider a beam of electrons (each electron with 


energy E) incident on a metal surface kept in an 

evacuated chamber. Then, 

(a) no electrons will be emitted as only photons 
can emit electrons 

(b) electrons can be emitted but all with an energy, 
E, 

(c) electrons can be emitted with any energy, with 
a maximum of E- 6 (0 is the work function) 

(d) electron can be emitted with energy, with a 
maximum of F, 


[NCERT Exemplar] 
Correct option : (d) 
Explanation : If a beam of electrons having energy 


E, is incident on a metal surface kept in an evacuated 
chamber. 


Ans. 


Light 
Radiations é 





The electrons can be emitted with maximum energy 
E, (due to elastic collision) and with any energy less 
than E,, when part of incident energy of electron is 
used in liberating the electrons from the surface of 
metal. 


. During Einstein’s Photoelectric Experiment, what 


changes are observed when the frequency of the 
incident radiation is increased? 

(a) The value of saturation current increases 

(b) No effect 

(c) The value of stopping potential increases 

(d) The value of stopping potential decreases 
Correct option : (c) 

Explanation : As the frequency of the incident 
radiation increases, the kinetic energies of the 
emitted electron increase as well and therefore 
requires more repulsive force to be applied to 
stop them. Thus, the stopping potential increases. 
The value of saturation current increases, as the 
intensity of the incident radiation, increases. 
The value of stopping potential decreases, as the 
frequency decreases. 


. How does the intensity affect the photoelectric 


current? 
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(a) As intensity increases, the photoelectric effect 
increases 
(b) As the intensity increases, the photoelectric 
effect decreases 
(c) As the intensity decreases, the photoelectric 
effect becomes twice 
(d) No effect 
Ans. Correct option : (a) 
Explanation : Since each incident photon ejects 
one photoelectron from a metal surface, therefore, 
the number of photoelectrons emitted depends 
on the number of photons falling on the metal 
surface, which in turn depends on the intensity of 
the incident light. Hence, as the intensity increases, 
the number of photoelectrons ejected increases and 
hence photoelectric current increases. 


(II) FILL IN THE BLANKS 


Q. 1. The photoelectric emission could be explained by 
the nature of light. 


Ans. particle. 

Q. 2. The work function of lithium is 2.5 eV. The 
maximum wavelength of light that can cause the 
photoelectric effect in lithium is 

Ans. 4980 A. 

Q. 3. Light of wavelength 3500 A is incident on two 
metals A and B. Metal will yield 
more photoelectrons if their work functions are 
5 eV and 2 eV respectively. 


Ans. B. 
(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Name the phenomenon which shows the quantum 
nature of electromagnetic radiation. 
[R] [O.D. I 2017] 
Ans. Photoelectric effect (Raman / Compton effect) 1 
Q. 2. State one factor which determines the intensity of 
light in the photon nature of light. 
[R] [Delhi Comptt. I 2017] 
Ans. Number of photons emitted per second determines 
the intensity of light in the photon nature of light. 1 
Q. 3. If the distance between the source of light and 
the cathode of a photocell is doubled, how does 
it affect the stopping potential applied to the 
photocell ? [R] [Delhi Comptt. III 2017] 
Ans. It does not effect the stopping potential as stopping 
potential only depends upon the frequency of 
light. 1 
Q. 4. Draw graphs showing variation of photoelectric 
current with applied voltage for two identical 
radiations of equal frequency and different 
intensities. Mark the graph for the radiation of 
higher intensity. 
[R] [Delhi, OD 2018] 
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Ans. 


Stopping 
potential 





— 0 
«— Retarding 


Collector plate — 
potential i 


potential 1 


Commonly Made Errors 


e Several students don't remember the graph. 
e Few students repeat the intensities in reverse order 
I, > L > I, which is wrong. 





Answering Tip 


e Take care of the graph while attempting the 
questions; that will fetch you more marks. 





Q. 5. Monochromatic light of frequency 6.0 x 10** Hz is 
produced by a laser. What is the energy of a photon 


in the light beam? 
[R] [SOP 2018-19] 
Ans. Each photon has an energy, E = hv 1⁄2 
= (6.63 x 10-*J-s)(6.0 x 1014 Hz) 
= 3.98 x 10°" J Ha 


[CBSE Marking Scheme, 2018] 


Q. 6. Define the term "threshold frequency" in the 
context of photoelectric emission. 


[Delhi I,II,III 2019] 


Ans. Threshold frequency equals the minimum 
frequency of incident radiation (light) that can 
cause photoemission from a given, photosensitive 
surface. [Alternatively] The frequency below 
which the incident radiations cannot cause the 
photoemission from photosensitive surface. 1 

[CBSE Marking Scheme, 2019] 


Detailed Answer: 


Threshold frequency : It is defined as the lowest 
limiting frequency below which the incident 
radiations are unable to cause any photoelectric 
emission, irrespective of the intensity of incident 
radiation and the time for which the surface is 
exposed to this radiation. 


Q. 7. Define the term "Intensity" in photon picture of 


electromagnetic radiation. [Delhi I,II,III 2019] 


Ans. Intensity of radiation is proportional to (/ equal to) 
the number of energy quanta (photons) per unit 

area per unit time. 1 
[CBSE Marking Scheme, 2019] 
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Detailed Answer: 


Intensity : It the total energy falling (or going 
through) a surface/region per unit area, per unit 
time and is measured in J/mšs. 

For monochromatic radiator, total energy emitted is 
equal to the number of photons, n, times the energy 


of one photon, ho 


ee 

At 
where, A = Area. 
t = time. 


. The graph below is produced when monochromatic 


light is shown onto a metal surface. The frequency 
of the light is slowly increased. The maximum 
kinetic energy of any emitted electrons is plotted 
on the y axis. 






KE of emitted 
photoelectrons (J) 
g 


7 
, “ Frequency of incident radiation(Hz) 


Ans. 


Ans. 


Å Short Answer Type Questions 


Q. 1. If light of wavelength 412.5 nm is incident on 


each of the metals given below, which one of the 
following will show photoelectric emission and 
why ? 





[R| [OD 2018] 
Ans. Calculating the energy of the incident photon 1 
Identifying the metals 1⁄4 
Reason 1⁄2 





A= 


Yj: 5 ym 
mS 1-5 XIDI wm 
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(a) What is the point B called? 


AE, og 
Af 


(b) What quantity is given by the gradient 
this graph? 


(a) Threshold frequency 
(b) Planck's constant (h) 


. The work function of caesium metal is 2.14 eV. 


When light of frequency 6 x 1014 Hz is incident 
on the metal surface, photoemission of electrons 
occurs. What is the maximum kinetic energy of the 
emitted electrons? 

The maximum kinetic energy is given by the 
photoelectric effect as: 

K = (hv - ®©) 

Where, h = Planck's constant = 6.626 x 107% Js 


.626x10 x6 x10" 
Therefore, K = (6.626 x Lies “ie ae 7 £ ) _ 2.14) 
.O X 


= (2.485 — 2.140) 
= 0.345 eV 


Hence, the maximum kinetic energy of the emitted 
electrons is 0.345 eV. 


(2 marks each) 


The energy of a photon of incident radiation is 
given by 

hc 
A 


E= 1⁄4 
6:63x10 31 x3x10° T 
(412:5<x10 ?)x(1:6x10 1?) 


= 3:01 eV 1⁄2 
Hence, only Na and K will show photoelectric 
emission. 1⁄2 


[Note : Award this 1⁄2 mark even if the student writes 
the name of only one of these metals] 
Reason : The energy of the incident photon is more 


than the work function of only these two metals. 1⁄2 
[CBSE Marking Scheme, 2018] 


fo" AZNIO® y 
112.5 Aio"! _ 
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= US . $2 TEN 
1315 1.15 5.5 





~ 


f € = š<V 





Commonly Made Error 


e Students often tend to forget to convert the incident 
radiation photon energy in eV. 





Answering Tip 


e Before comparing the work function, with energy 


the incident radiation photon energy should be 
converted in eV. 





Q. 2. Find the frequency of light which ejects electrons 
from a metal surface, fully stopped by a retarding 
potential of 3.3 V. If photo electric emission begins 
in this metal at a frequency of 8 x 10* Hz, calculate 
the work function (in eV) for this metal. 

[CBSE Comptt. 2018] 


Ans. Finding the work function 1 
Finding the frequency of incident light 1 
We have 
W = hv, 


= 6.65 x 101 xS x 10] y 


_ 6.63x 10” x8 
16x10” 


= 3.315 eV 1⁄ 
We have 
hv = W + eV, 
= (3.315 + 3.3) eV 1⁄ 


_ 6.615x1.6x IO 
6.63 x10 


= 1596 x 10° Hz 1⁄2 
[CBSE Marking Scheme, 2018] 


— 





idul 
i aú 


[Topper's Answer, 2018] 


Q. 3. Monochromatic light of frequency 6.0 x 101 
Hz is produced by a laser. The power emitted is 
2.0 x 10° W. Calculate the (i) energy of a photon in 
the light beam and (ii) number of photons emitted 
on an average by the source. [CBSE Comptt. 2018] 


Ans. Calculating 


(i) Energy of a photon NV+ 
(ii) Number of photons emitted 1⁄2+1⁄2 
Energy of photon = hv 1⁄2 
= 6.63 x 10 *t' x 6.0 x 10%] 
= 3.978 x 10°” J 
= 2.49 eV 1⁄2 
Number of photons emitted per second 
Power 
i Energy of photon 
_ 20x 10° J/s y 
3.978 x10 "J 
= 5.03 x 10° photons/second 1⁄4 


[CBSE Marking Scheme, 2018] 


Q. 4. The work function (W), of a metal X, equals 
3 x 10” J. Calculate the number (N) of photons, of 
light of wavelength 26.52 nm, whose total energy 


equals W. [A] [Delhi Comptt. 2016] 

Ans. Work function, W = a 1 
, = WÀ. 
hc 
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— 3x10" x265x10 ° 
6.6x10 x3x10° 


= 4 1 1⁄4 
[CBSE Marking Scheme, 2016] 


Detailed Answer: 


Ans. 


The work function of a metal is the minimum 
energy to eject an electron. It is given for metal X = 
Tx TOF] 

Energy of a photon of wavelength 26.52 nm = hv 
he 

À 

_ 66%10 ° x3x10° 
2652x107 


= 0.754 x 10-7] 1 
If number of photons = n; for total energy 3 x 10” J. 
Then, 


J 


n X 0.754 x 10" = 3 x 10°” 
3x10” 
m =e e 
0.754 x 107” 

= 4.0 x 10° 1 
[Students please note that the number of photons is 
less than 1. It indicates that the energy of a photon 
is more than work function of the metal and this 
radiation has required energy for photoemission of 
electrons. | 


Hence, 


Vo (Volts) 





2 Wk. N 
v(1014 Hz) 


10 


Using the graph shown in the figure for stopping 
potential V. and the incident frequency of 
photons, calculate Planck’s constant. 

[Delhi I, II, ITI 2015] 


Kinetic energy of an electron is calculated by, 
K.E. = hv — 9, 

where work function 

by = Avy 
where, v, is cutoff frequency. 
From the graph v, = 5 x 101 1 
For frequency 8 x10"* Hz; K.E. = eV, 
So, at this frequency, 

eV, = hv — hv, 
So, = (EM, 
Av 


where, Av is change in frequency 


_ 16x107" x1.23 
3x10" 
= 0.656 x 10-33 J-s 
= 6.56 x 10 J-s 1 


Commonly Made Errors 


e Several students do not know the correct relations. 
e Many candidates were unaware of the fact that 


intercept of the line give threshold frequency. 





Answering Tip 


e Students should keep in mind the correct relations 
between different variables. 





Q. 6. The work function of Cs is 2.14eV. Find 
(a) threshold frequency for Cs 


(b) Wavelength of incident light if the photo current 
is brought to zero by stopping potential of 0.6 V. 


[CBSE SQP 2019-20] 
Ans. Work function is given by 
@ =2.14eV 
(a) Threshold frequency œ = hv, 


v= © = 2.14x16x 10°” 1 
Fetes s coed See 
h 6.62 x 10™ 
= 5.17 x 1011 Hz 
(b) As k = eV, = 0.6eV 
Energy of photon E =k, +@ 
= 0.6eV + 2.14eV 
= 2.74eV 


Wave length of photon A = he 
E 
_ 6.62x10™ x3.0x 10° 
2.741.610” 
= 4530 A 


Q. 7. Why is wave theory of electromagnetic radiation 
not able to explain photoelectric effect ? How does 
photon picture resolve this problem ? 


[Delhi I, II, THI 2019] 
Ans. Reason for inability of E.M. theory 1 
Resolution through photon picture 1 


The explanation based on e.m. theory does 
not agree with the experimental observations 
(instantaneous nature , max K.E. of emitted 
photoelectron is independent of intensity, 
existence of threshold frequency) on_ the 
photoelectric effect. 1 


[Note : Do not deduct any mark if the student 
does not mention the relevant experimental 
observation or mentions any one or any two of 
these observations]. 
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The photon picture resolves this problem by 
saying that light, in interaction with matter 
behaves as if it is made of quanta or packets of 
energy, each of energy hv. This picture enables 
us to get a correct explanation of all the observed 
experimental features of photoelectric effect. 1 
[Note : Award the first mark if the student just 
writes “As per E.M. theory the free electrons 
at the surface of the metal absorb the radiant 
energy continuously, this leads us to conclusions 
which do not match with the experimental 
observations” |. 
Also award the second mark if the student just 
writes “The photon picture give us the Einstein 
photoelectric equation 

Kaa (= eVo) = ho- 0, 
which provides a correct explanation of the 
observed features of the photoelectric effect. 


[CBSE Marking Scheme, 2019] 


Detailed Answer: 


Observations of photoelectric effect : 


(1) For a given photosensitive material and 
frequency of incident radiation above the 
threshold frequency : 

(i) Photoelectric current is directly 
proportional to the intensity of incident 
light. 

(ii) Saturation current is directly proportional 
to the intensity of incident light. 

(iii) Stopping potential is independent of 
intensity. 

(2) Below threshold frequency no emission 
occurs no matter how intense incident light 
is. Above threshold frequency, the stop- 
ping potential or equivalently the maximum 
kinetic energy of emitted photoelectrons 
increases linearly with the frequency of in- 
cident radiation, but is independent of its 
intensity. 


Å Long Answer Type Questions-l 


Q. 1. State Einstein's photoelectric equation explaining 


the symbols used. 





Light of frequency v is incident on a photosensitive 
surface. A graph of the square of the maximum 
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(3) This is an instantaneous process without any 
time lag, even when the incident radiation is 
made exceedingly dim. 

Wave picture : Free elections of the surface of metal 
absorb the radiant energy continuously. Higher the 
intensity of radiation the greater are the amplitude 
of electric and magnetic fields. Consequently, the 
greater the intensity and the greater should be the 
energy absorbed by each electron. The maximum 
kinetic energy of the photo electrons on the surface 
is then expected to increase with increase in 
intensity. 
No matter what the frequency of radiation is, 
sufficiently intense beam of radiation should be 
able to impart enough energy to the electrons so 
that they exceed that minimum energy needed 
to escape from the metal surface. Thus threshold 
frequency should not exist. 

In wave picture the absorption of energy by 

electrons take place continuously over the entire 

waterfront of radiation. These are in contrast to 
observation of photoelectric emission. 

Photon picture : In this picture, photoelectric 

emission does not take place by continuous 

absorption of energy from radiation. Radiation 
energy is built up of discrete units, the so called 
quanta of energy of radiation. (Photon Photoelectric 
emission is a knock out process in which a simple 
photon of energy is to knock out an electron with 


energy 1 mv. Increase of Intensity of radiation 
2 


means increase in number of photons thus many 
electrons come out with the same kinetic energy. 
As a result there is an increase in photoelectric 
current. 

An increase in the frequency of the incident 
radiation increases the energy of the emitted 
electrons An increase in energy does not increase 
the number of photoelectrons, hence does not 
affect the magnitude of photocurrent. 


(3 marks each) 


speed of the electrons (v?) vs. v is obtained 
as shown in the figure. Using Einstein's 
photoelectric equation, obtain expressions for (i) 
Planck’s constant. (ii) work function of the given 
photosensitive material in terms of parameters J, n 
and mass of the electron m. [CBSE Comptt. 2018] 


Ans. Statement of equation with explanation of 


symbols 1 
Expression for 

(i) Planck's constant 1 
(ii) Work function 1 
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Einstein's photoelectric equation is 


hv = W, + MIO a 1⁄ 


v = frequency of incident light 
vo = threshold frequency of photo sensitive material 
W, = work function 
ae x, = Maximum kinetic energy of the 
emitted photoelectrons 1⁄4 

(Also accept if the student writes 

hv = W, + eV, 
W = work function of photosensitive material 

V. = Stopping Potential) 


From Einstein's photoelectric equation, we have 





hv = W, ly 
2 
Ü a = (hv -W,) 
m 
(=) (=) 
= |— v+ 
m m 
Slope of the given graph = 4 1⁄4 
n 
intercept on the y-axis = — l VY; 
2h = d or h = ml yy 
m Wi 2n 
and fe A r 1⁄2 
m 


[CBSE Marking Scheme, 2018] 


Q. 2. (a) In photoelectric effect, do all the electrons 
that absorb a photon come out as photoelectrons 
irrespective of their location? Explain. 


(b) A source of light, of frequency greater than the 
threshold frequency, is placed at a distance ‘d’ 
from the cathode of a photocell. The stopping 
potential is found to be V. If the distance of the 
light source is reduced to d/n (where n>1), explain 
the changes that are likely to be observed in the (i) 
photoelectric current and (ii) stopping potential. 

[SOP 2018-19] 


Ans. (a) No, it is not necessary that if the energy 
supplied to an electron is more than the work 
function, it will come out. 1 
The electron after receiving energy, may lose 
energy to the metal due to collisions with the 
atoms of the metal. Therefore, most electrons get 
scattered into the metal. 

Only a few electrons near the surface may come 
out of the surface of the metal for whom the 
incident energy is greater than the work function 
of the metal. 1 
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(b) On reducing the distance, intensity increases. 1⁄2 
Photoelectric current increases with the increase 
in intensity. 

Stopping potential is independent of intensity, 
and therefore remains unchanged. 1⁄2 
[CBSE Marking Scheme, 2018] 


Q.3. The following graph shows the variation of 


photocurrent for a photosensitive metal : 


Photo current 


A O X 


(i) Identify the variable X on the horizontal axis. 
(ii) What does the point A on the horizontal axis 
represent ? 

(iii) Draw this graph for three different values of 
frequencies of incident radiation v,, v, and v, (Vv, 
> v, > v,) for same intensity. 

(iv) Draw this graph for three different values of 
intensities of incident radiation L, I, and I, (I, > 
I, > I,) having same frequency. 


[OD III 2017] 
Ans. (i) X is collector plate potential. 1⁄4 
(ii) À is stopping potential. 1⁄2 


(iii) Graph for different frequencies : 









Photoelectric 
current 
V2>V5o>V r 
iboa V3 Saturation 
current 


-Voi -Voz -Vog Ü Collector plate potential > 


Retarding potential : 


(iv) Graph for three different intensities : 


Photo 
current —— 





Stopping 
potential 






= ee: i 
«— Retarding Collector plate — 
potential potential 


[CBSE Marking Scheme, 2017] 


Q.4. (i) Draw a plot showing the variation of 
photoelectric current with collector potential 
for different frequencies but same intensity of 
incident radiations. 

(ii) Use Einstein’s photoelectric equation to explain 
the observations from this graph. 
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(iii) What change will you observe if intensity of 
incident radiation is changed but the frequency 


remains the same ? [Foreign I, III 2017] 









Ans. (i) 
Photoelectric 
current 
V2>Vo>V 
i y Saturation 
3 current 1 


0 Collector plate potential —> 


—Vo1 —Vo2 -Vos 
——— i 
Retarding potential 


(ii) According to Einstein's photoelectric equation 


K = hv — Qo 
If V is stopping potential then 
eV, = hv — ñ, 


Thus, for different values of frequency (v) there 
will be different values of cut off potential V. 1 
(iii) 





Stopping 
potential 
1 
=V 0 
— Retarding Collector plate — 
potential potential 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 
(ii) Einstein equation for photoelectric effect 
K.E. = hv — 9, 

where, hv = energy of one photon 
0, = work function of a metal which is a constant 
for a particular metal. 
K.E. = kinetic energy of an emitted electron = eV is 
where, V, = stopping potential 
Hence, eV, = hv — 9, 
From the above equation, it is clear that for different 
frequencies there will be different values of stopping 
potential as work function is constant. 1 

(iii) Intensity of incident radiation means the number 
of photons incident per unit time which is directly 
proportional to the number of emitted electrons 
from the metal. 
So, with change of intensity, number of emitted 
electrons and hence current varies. 

eV, = hv — 9, 

As we can see from above equation, if frequency 
remains same, stopping potential does not change 
as stopping potential depends upon frequency and 
not upon number of photons. 
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Photo 
current —— 









Stopping 
potential 






V. 
å Retarding 
potential 


Collector plate — 
potential 


Q. 5. (i) How does one explain the emission of electrons 
from a photosensitive surface with the help of 
Einstein's photoelectric equation ? 

(ii) The work function of the following metals is 
given : Na = 2.75 eV, K = 2.3 eV, Mo = 4.17 eV 
and Ni = 5.15 eV. Which of these metal will not 
cause photoelectric emission for radiation of 
wavelength 3300 Å from a laser source placed 
1 m away from these metals ? What happens if 
the laser source is brought nearer and placed 

[Delhi I 2017] 


Ans. (i) Einstein's Photoelectric equation is 
hv = 0, + K 1⁄4 


max 


50 cm away. 


When a photon of energy 'hv' is incident on the 
metal, some part of this energy is utilized as work 
function to eject the electron and remaining 
energy appears as the kinetic energy of the 
emitted electron. 1 


= hc 663x10 = x3«10° 
(Ls Se 
A 33x0 x16x10” 

= 3.77 eV 

The work function of Mo and Ni is more than the 
energy of the incident photons, so photoelectric 
emission will not take place from these metals. 1⁄2 
Kinetic energy of photoelectrons will not change, 
only photoelectric current will change. 1⁄4 
[CBSE Marking Scheme, 2017] 


1⁄2 


Q. 6. In the study of a photoelectric effect the graph 
between the stopping potential V and frequency 
of the incident radiation on two different metals P 
and Q is shown below. 





or 6 
-2 wX z 


(i) Which one of the two metals has higher threshold 
frequency ? 
(ii) Determine the work function of the metal which 
has greater value. 
(iii) Find the maximum kinetic energy of electron 
emitted by light of frequency 8 x 1011 Hz for this 


metal. [Delhi II 2017] 
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Ans. (i) Q has higher threshold frequency 1⁄2 
ii) Work function = hv Ya 
(ii) r Ó = Vu 

hv, = (6.6 x 10) 
6 x10" 
exon C 
= 2.475 eV 
(iii) Kax = h(v — vo) Ya 
_ 66x10 x2x10" os 
16x10” 
K... = 0.825 eV Yate 


max 


[CBSE Marking Scheme, 2017] 


Detailed Answer : 
(ii) Work function of Q 9, = hv, 


_ 66x 10 x6 x10"4 
1.6x10 1? 
= 2.475 eV 


eV 


_ 6.610 x8x10" 
1.6107” 


= 3.3 eV 
KE max = hv — hv, 
= (3.3 — 2.475) eV 
= 0.825 eV 1 
Q. 7. (i) State two features of Einstein's photoelectric 


equation. 


(iii) hv, 


(ii) Radiation of frequency 10” Hz is incident on 
two photosensitive surfaces P and Q. There is no 
photoemission from surface P. Photoemission 
occurs from surface Q but photoelectrons have 
zero kinetic energy. Explain these observations 
and find the value of work function for surface Q. 


[Delhi HI 2017] 


Ans. (i) Maximum kinetic (K aa), of emitted electrons, 


depends linearly on frequency of incident 
radiations 


(K.E.) ary 
Existence of threshold frequency for the metal 
surface 0, = hv (Any other relevant feature) 


= hy — hv, 


max 


(ii) Since, no photoelectric emission takes place 
from P it means frequency of incident radiation 
(10!5 Hz) is less than its threshold frequency (v )1⁄ 
Photo emission takes place from Q but kinetic 
energy of photoelectrons is zero. This implies that 
frequency of incident radiation is just equal to the 


threshold frequency of Q. 
For Q, work function $, = hv, 
—34 15 
_ 6.6x10™ x10 T 
16x10” 
= 4.125 eV AF 


[CBSE Marking Scheme, 2017] 
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Q. 8. (i) Define the term ‘intensity’ of radiation in 


photon picture. 


(ii) Plot a graph showing the variation of photo 
current Vs. collector potential for three different 
intensities [,, I, and I, (I, > I, > L), two of which 
(I, and I,) have the same frequency v and third has 
frequency v, > v. 

(iii) Explain the nature of the curves on the basis of 

[OD South 2016] 


Ans. (i) The amount of light energy / number of photons, 
incident per metre square per second is called 


Einstein's equation. 


intensity of radiation. 1 


(ii) 





Photo Current 


Collector potential 
= 1 
(iii) As per Einstein’s equation 
The stopping potential is same for I, and I, as they 
have same frequency. 


The saturation currents are as shown, because 
kad ad; 1 

Q. 9. Plot a graph showing the variation of photoelectric 
current with intensity of light. The work function 

for the following metals is given : Na : 2.75 eV 

and Mo : 4.175 eV. Which of these will not give 
photoelectron emission from a radiation of 
wavelength 3300 Å from a laser beam ? What 


happens if the source of laser beam is brought 


closer ? R| [Foreign I, II, III 2016] 
Ans. (i) f 
5 
ë 
° 
= 1 
Intensity of Light———> 
(ii) Energy of a photon, 
B= 1 Joule 
À 
hc 
= — eV Y, 
en i 
_ 6.63x10™ x3x10° 4 


16x10 x5 5x (07 
= 3.76 eV 
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(Alternatively, minimum frequency of incident 


Since 0, of Mo is greater than E, 
radiation at which photons are just emitted with 


<». Mo will not give photo emission. 1⁄ awas 
There will be no effect of bringing source closer in OENE 
the case of Mo. In case of Na, photo current will K, = hv - W, 1⁄ 
increase. 1⁄2 ' 
[CBSE Marking Scheme, 2016] me = 2hf — hf = hf ⁄ 
Q. 10. Define the term” cut off frequency” in photoelectric i 4 
emission. The threshold frequency of a metal is 2 mo, = 5hf — hf = 4hf %2 
f. When the light of frequency 2f is incident on 
the metal plate, the maximum velocity of photo- v? i 
electrons is v,. When the frequency of the incident ae v? G 4 
radiation is increased to 5f, the maximum velocity 
of photo-electrons is v,. Find the ratio o; : v,. = a 41 ! 
R] [Foreign I, II, III 2016] 0, 2 y 
Ans. Cut off frequency : It is that minimum frequency [CBSE Marking Scheme, 2016] 
of incident radiation below which no photo 
emission takes place from a photo electric material. 
1 
° 
À Long Answer Type Questions-Il (5 marks) 
Q.1. (i) Write three observed features of photoelectric (b) There exists a ‘threshold frequency’ for each 
effect which cannot be explained by wave theory photosensitive material. 2 
of light. (c) ‘Photoelectric effect’ is instantaneous in nature. 
1⁄2 


Explain how Einstein’s photoelectric equation is 


used to describe these features satisfactorily. Q SO 5 apatun 


K.E. a = Hv — 0, 


[Alternatively : eV, = hv - , ] can be used to 
explain these features as follows. 


(ii) Figure shows a plot of stopping potential (V) 
with frequency (v) of incident radiation for two 


photosensitive materials M, and M,. Explain 
(a) Einstein's equation shows that K „œv. 


max 
However, K, does not depend on the 
(b) For which material emitted electrons have intensity of light. 1⁄2 
greater kinetic energy for the same frequency 


of incident radiation ? 


(a) Why the slope of both the lines is same ? 


(b) Einstein’s equation shows that for v < t RKT 


becomes negative, t.e, there cannot be any 


Qo 


photoemission for v < vo [where Vo = — ] : 
h 


(c) The free electrons in the metal, that completely 
absorb the energy of the incident photons, 
get emitted instantaneously. 

(ii) (a) Slope of the graph between V, and v (from 
Einstein’s equation) equals (h/e). Hence, 


Ans. (i) Three features of photoelectric effect, which it does not depend on the nature of the 
cannot be explained by the wave theory of light, 





[O.D. I, II, III 2015] 


material. 


are : 
Emitted electrons have greater energy for 
(a) Maximum kinetic energy of emitted electrons (») terial M.. This isb S =h z 
ae i : one material M.. This is because 0, (= hv,) has a 
is independent of the intensity of incident | ) % o) 
lower value for material M}. 


light. Y2 
[CBSE Marking Scheme, 2015] 
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TOPIC-2 


Dual Nature of Matter 





Revision Notes 


> De- Broglie’s postulate is based upon the symmetry of nature. If radiation has dual nature, then matter should 
also have dual nature. 


> According to his hypothesis, moving particles of matter should display wave nature under suitable conditions. 
He named the wave as matter wave. It is a third type of wave. It is different from mechanical wave and 


electromagnetic Wave. Scan to know 
more about 
this topic 


> Properties of matter wave : Whenever a particle moves, the matter wave envelops it and controls 
its motion. 


° De-Broglie proposed that the wave length À known as de-Broglie wavelength; associated 





with momentum of particle p is given as [s] 
A= h Properties of 
p Matter Wave 
Hence, de-Broglie's wavelength of particle 
h 
À =— 
mv 


° Calculation of electron-wave : 


In photoelectric equation, kinetic energy of electron at potential V is K = eV. Putting this 
value of kinetic energy in de-Broglie wavelength equation 


1.227 
VV 
Scan to know 


is theoretical calculation of de-Broglie wavelength of electron, where, V is the magnitude of ora about 
accelerating potential in volts. this topic 

° From this formula, wavelength of particle is inversely proportional to the mass of particle 
and its velocity. Hence, heavier particles have shorter wavelengths. 


By putting the value of mass of electron, its charge and Planck's constant À, = nm. This 


> Heisenberg's Principle of uncertainty : 


Wave Model of 
e According to Heisenberg's uncertainty principle, it is not possible to measure both the an Electron 


position and momentum of an electron (or any other particle) at the same time exactly. When 
any particle is in motion, then product of uncertainty of its momentum and uncertainty of 
its position is given as 





h 
Ax -Ap 2 — 
4n 
e According to Heisenberg's hypothesis, electron is not moving in an orbit but it is moving in a wave packet 


cloud. 


Know the Formulae 


> De Broglie wavelength associated with momentum of particle p as 


pal or A 
p 


HV 


> À, = š or À, = 2 where V is the magnitude of accelerating potential in Volts 
° J2meV V S" 5P i 





> Heisenberg's Principle of uncertainty : 
h 


Ax.Ap> — 
p At 
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(1 mark each) 
e 
(D MULTIPLE CHOICE QUESTIONS Bo 
Q. 1. A proton, a neutron, an electron si an orparicle @ x x x x x x 
have same energy. Then, their de-Broglie X x x x x X x 
wavelengths compare as : y FYS x x x X x 
= = x x ix x x X x 
(a) À, =A, >À > Xe (b) À, < À,= À, < X. S a S S 35 
(c) A,< A= À,> Xe (d) A,= = A= Ag X xX iX x x X X 
X X 'x x x X X 
[NCERT Exemplar] a" x Vx, To Se 
Ans. Correct option : (b) x xr|x x X R x 
Explanation : x x |x x x x x 


According to de-Broglie, a moving material particle 
sometimes acts as a wave as well as a patticle. 


h 
De- Broglie wavelength, À, = F 


E, =E, =E, =E, 
ae kus mno 
2 

2K = mv’? 

2Km = mv’ 
2mK = p° 
2mK = p 
al 
p 

q h 

! 2mK 





or [as h and E (K.E.) is constt.] 


a” 
4 JamK 
1 
ae 
Vm 


m, > m, = m, > m, 
À, <À, =A, < À, 


Q.2. An electron is moving with an initial velocity 


v= v,i and is in a magnetic field B= B,j . Then, 
its de-Broglie wavelength : 
(a) remains constant. 
(b) increases with time. 
(c) decreases with time. 
(d) increases and decreases periodically. 
[NCERT Exemplar] 
Ans. Correct option : (a) 
Explanation : Given, v= vi and B= B,j 
Magnetic force on moving electron 


=—e[v,i xB, j] =—ev,Byk 


Ans. 


So, the force is perpendicular to v and B both 
as the force is perpendicular to the velocity. So, 
the magnitude will not change v or mv (p = mv 
momentum) so, the de-Broglie wavelength remains 
same. 


. An electron (mass m) with an initial velocity 


v = oí is in an electric field E = E, j. If À, = di ; 
MV, 





its de-Broglie wavelength at time t is given by : 


eE t? 
(b A, + mo? 
0 


_ À _ ! À 


d 0 ° 
(a) = | 
mv" 
0 


[NCERT Exemplar] 





(a) A, 








Correct option : (c) 


Explanation: According to the de-Broglie 





wavelength of electron at time t=0 is A, = 
MV, 


Electrostatic force on electron in electric field is 
F =-eE=-eE,} 


I _ F Ee 
The acceleration of electron, 4 = — = eh 
m m 
It is acting along negative y-axis. 
The initial velocity of electron along x-axis, v, =v í 
0 0 


This component of velocity will remain constant 
as there is no force on electron in this direction. 
Now considering y-direction, the initial velocity of 
electron along y-axis, o, = 0 

Velocity of electron after time t along y-axis 


o 


227) 
m 
Magnitude of velocity of electron after time t is 
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Ans. 


Ans. 


-eE. \ 
v= v +, = (=+) 
m 


h 
de-Broglie wavelength, at t = 0 is À, =— 
MV, 


de-Broglie wavelength at t = tis A'= a 











mv 
270242 27242 
ë Et e-Ect 
mv, ,{1+—s"5 L4r— 
mV, mV, 
K. Ts 
= 2242 
ë Est 
1+ 2 2 
MV, 


. Threshold wavelength for a metal having work 


function W, is X. What is the threshold wavelength 
for the metal having work function 2W,? 


(a) 4A (b) 2A 
À À 
ahd a À 
(o) > (d) < 
Correct option : (c) 
Explanation: Since ` W, = h> 
2W =h— 
À, 
= 2 = L or À = À 
À 


1 


. A proton and an a-particle are accelerated by the 


same potential difference. The ratio of their de 
broglie's wavelengths (À p Aa) is : 
(a) 1 (b) 2 


1 
c) V8 d) — 
(c) (d) 7 
Correct option : (c) 
Explanation : 
; h h 
UsingsX = —— À = ——əa 
V2meV ” J2meV 
À 
À = _ h => —P' = V8 


“ [2.4m.2e.V A 


. Which of the following figure represents the 


variation of particle momentum and associated de 
Broglie wavelength? 


(a) 
P 
! 


— À 
(c) 
P 
f 
— À 
(d) 
P 
f 
— À 


Ans. Correct option : (d) 


Explanation : As À = 4 or À œ _ 
p 


(II) FILL IN THE BLANKS 


Q. 1. If K.E. of free electron is doubled, its de Broglie 
wavelength will change by factor .......... ; 


1 
Ans. Cu š 

O. 2. orina is same fora Proton and an o-particle have 
the same de Broglie wavelength. 

Ans. momentum. 

O). erence phenomenon best supports the theory that 
matter has a wave nature. 

Ans. Electron diffraction. 


(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Draw a plot showing the variation of de-Broglie 
wavelength of electron as a function of its K.E. 


[Delhi I, II, HI 2015] 
Ans. 


KLE. 
[CBSE Marking Scheme, 2015] 1 


Q. 2. Two particles have equal momenta. What is the 
ratio of their de-Broglie wavelengths? 


[R] [SOP 2018-19] 
Ans. P = P; 1, 
ratio /À), = 1: 1 Y, 


[CBSE Marking Scheme, 2018] 
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Q. 3. Find the ratio of de-Broglie wavelengths associated 
with two electrons accelerated through 25 V and 36 


V. [OD Comptt. I, II, III 2013] 








Ans. V, = 25 V, V, = 36 V 
de-Broglie wavelength of an electron 
1.227 1.227 
À = —— = À, = 
Ww oh Wy, 
and À, = 1.227 
M 
Aii Pae 
Aa V, 25 
ue 
z À. 5 1 


À Short Answer Type Questions 


Q. 4. Write the expression for the de Broglie wavelength 
associated with a charged particle having charge 
q and mass m, when itis accelerated by a potential 
V. 

Ans. De Broglie wavelength associated with a charged 
particle when accelerated by a potential V is given 
by 

h h 





p J2maV 

where m = mass of charge particle and q = charge 
on the particle 

Q. 5. Name an experiment which shows wave nature of 
electrons. Which phenomenon was observed in 
this experiment using an electron beam? 

Ans. Experiment: Davisson and Germer 
Phenomenon: Diffraction 


(2 marks each) 





Q.1. An a-particle and 
through the same potential. Find the ratio of their 
[Delhi 2017] 


a proton are accelerated 


de-Broglie wavelengths. 


Ans. de-Broglie wavelength is given by 


mo W 
2mK 





Mass of a proton = u 


Charge of proton = e 
Hence, Kinetic energy of a proton when 
accelerated through a potential = eV 

Putting these values in de-Broglie wavelength 


formula to calculate wave length of proton 





A, V2ueV ‘ 


Now, 

e Mass of an a-particle = 4u 

° Charge of an a-particle = 2e 

Hence, Kinetic energy of an o-particle when 
accelerated through a potential =2 eV 
Putting these values in de-Broglie wavelength 
formula to calculate wave length of o-particle 





See 
% V8ux2eV = V16ueV 
Hence ratio of ais es 
Aa = V8 
pa E 1 1 
No 2/2 


[CBSE Marking Scheme, 2017] 


Q. 2. Plot a graph showing variation of de-Broglie 


1 
wavelength À versus WW’ where, V is accelerating 


potential for two particles A and B carrying same 
charge but of masses m, m, (m, > m,). Which one 
of the two represents a particle of smaller mass 
U| [Delhi I, II, III 2016] 





and why ? 
h 


Ans. As ee  J2maV 


As the charge of two particles is same, 





therefore 
À I ra 1 
— “ E 18, SIODE eS 
a J ee 2 ie 
V 
mM 
| ; 
X 1 
1 — 
JV 
2 


Hence, particle with lower mass (m,) will have 


greater slope. [CBSE Marking Scheme, 2016] 


Commonly Made Error 


e Most of the students couldn't relate the slope values. 





e Some students even couldn't draw the graph. 
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Answering Tip 
e Students should keep in mind the slope values. 


Q.3. A proton and a deuteron are accelerated through 
the same accelerating potential. Which one of the 
two has : 

(i) greater value of de-Broglie wavelength associated 
with it, and 
(ii) less momentum ? 
Give reasons to justify your answer. 
[Delhi I, II, III 2014] 


Ans. (i) de-Broglie wavelength is given by 
h 


J2mqV ° 


As mass of proton < mass of deuteron 





and q, = q, and V is same. 


“ À, > h, tor same accelerating potential. 1⁄2 
(ii) Momentum = x 1⁄2 
À, > Na 


.. Momentum of proton will be less than that of 


deuteron. 1⁄. [CBSE Marking Scheme, 2014] 


Q.4. A proton and an o-particle have the same de 
Broglie wavelength. Determine the ratio of (i) 
their accelerating potentials and (ii) their speeds. 

[Delhi I, IL HI 2014] 


: h h? 
OE a oe oaa 72 
m= 4m, q, = 24, 
V, Mala 4m, x 2q, 
— — a '——a = 1 yy 
Va mp np 
= 8: 1 
h 
(ii) NE = sy = = 1⁄2 
UV 
a m 


[CBSE Marking Scheme, 2014] 


Q. 5. An electron microscope uses electrons accelerated 
by a voltage of 50 kV. Determine the de-Broglie 
wavelength associated with the electrons. Taking 
other factors, such as numerical aperture etc. to be 
same, how does the resolving power of an electron 
microscope compare with that of an optical 
microscope which uses yellow light ? 


[O.D. I, II, III 2014] 


Ans. kate orA = — A y 
p 
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6.63 x 10-4 
À = 31 19 3. 1⁄4 
(2*x91x10~° x1.6x10 ~~ x 50x 10) = 


À = 549 x 10" m y 
The resolving power of an electron microscope is 
much better than that of optical microscope. 1⁄2 
[CBSE Marking Scheme, 2014] 
Detailed Answer : 


De-Broglie wavelength of an electron 
1.227 
A, = ~= nm 


JV 


Accelerated potential = 50 x10 V 
1.227 


Hence, À, = — = 
¥50x10 


= 0.548 x 107 nm 


or = 5.48 x 10m 
Resolving Power of Microscope 
_ 2nsinB 
> 


From the formula, it is clear that resolving power 
increases as wavelength decreases keeping other 
factors as constant. 

Wavelength of yellow light = 680 nm = 6.8 x 107m 
As we have seen from numerical calculation that 
electron wavelength is much lower than yellow light, 
hence resolving power of electronic microscope is 
much better than optical microscope. 


. Ano.- particle and a proton are accelerated through 
same potential difference. Find the ratio (v,/ vot 
velocities acquired by two particles. 


[CBSE Marking Scheme, 2019-20] 
Ans. Gain in KE of particle = Qu 











=m, v = K, =q, V, ath) 
Vea = 
—m,v, = K =g V. =. U I 
Divide (ii) by (i), 
m u _ Q _ 2 
mo yp i 
vi, m,x2 sm, 1 
v mx 4m,x1 2 
02 0, = 1:72 


[CBSE Marking Scheme, 2020] 


Q.7. Plot a graph showing variation of de Broglie 
wavelength (A) associated with a charged 


. 1 i 
particle of mass m, versus WW’ where V is the 


potential difference through which the particle 
is accelerated. How does this graph give us the 
information regarding the magnitude of the 
charge of the particles ? 
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Ans.Plot of the graph showing the variation of 
1 
À Vs — 1 


JV 


Information regarding magnitude of charge 1 





i => 
JV 
h 
A= 
J2mqV 2 
=e —— = slope 
= Pm 
JV 
2, 
i= £ 


ü 2m(slope)° 
[CBSE Marking Scheme, 2019] 


Q. 8. A photon and a proton have the same de-Broglie 
wavelength i. Prove that the energy of the 
photon is (2m Ac/h) times the kinetic energy of 
the proton. 


Ans. For writing expression for energy of photon '% 
For writing expression for kinetic energy of proton 
For proving the relationship between the two 1% 


he 


Energy of photon, r ) 1⁄2 
For proton, x= a 
mv 
ae 1 
i: 12 


À Long Answer Type Questions-l 


Q. 1. (i) Draw the graph showing the variation of de- 
Broglie wavelength À of a particle of charge q and 
mass m with the accelerating potential. 

(ii) An electron and proton have the same de- Broglie 
wavelengths. Explain, which of the two has more 


kinetic energy. 





AJ] [Delhi Comptt. II 2017] 


Ans. (i) Wavelength of a particle is given by 


h 
2mqV 





A= 


i 
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Kinetic energy of proton, 

1 

F > mo. 1⁄2 
r 

E, => 

qh) 

2m)c 

sale Jp x? 


[CBSE Marking Scheme, 2019] 


Detailed Answer: 


: hc 
Energy of a photon, ES 4 


or = — 


= ...(i) 








x: ...(ii) 








E 
K= ae 
2mÀ c 
2mcàÀ 
= E, = n Hence Proved. 
(3 marks each) 
À 
1 
— V 
(ii) For an electron and proton 
g, = 4, ⁄ 
m, > m, % 
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Since wavelength, À = Tr , and both particles 1 a i (Ka 7 

have same de-Broglie wavelength, À & Kinetic = KES KE. 

energy is even by gl’ "A .. Proton has more kinetic energy. 1⁄2 
_ f —_ = h [CBSE Marking Scheme, 2017] 

= m (K.E.), = m, (KEJ, 

3 m, > m, 

<. K.E. of electron will be more. 1⁄2 


1 , where V is the 





[CBSE Marking Scheme, 2017] Q. 4. Figure shows a plot of 


Q. 2. Draw a graph showing the variation of de- Broglie accelerating potential. The de-Broglie wavelength 


‘’ in the case of two particles having same 
m, with the accelerating potential V. An o-particle charge ‘q’ but different masses m, and m, 


anda proton have the same de- Broglie wavelength Which line (A or B) represents a particle of larger 
equal to 1 A. Explain with calculations, which of 


wavelength À of a particle of charge q and mass 


mass ? 
the two has more kinetic energy. 


[Delhi Comptt. II 2017] 












Ans. A 
| £ 
JV B 
À 
1 O À 
— 
h Ans. À = 
de-Broglie wavelength, À = say and 
2mq 1 
K.E. = K=qV 1⁄2 hy 
Line-Slope W |. 
ee h 
2mK 


Since, &-particle and proton have same de-Broglie 
wavelength 1 A 1⁄2 


J2m,(K), = J2m,(K), 


Since, 


Hence, line À will sss: larger mass. 
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ATOMS 


ç ='u 

[uorgər qI] puny- d 

y gesor = y y zespri = HY 
[uoa y I] səutəs Woxpesg 

y T9281 = “UY “ y gozg = My 
glo”, = fu e = !ú 

[uor8ə1 y-]] sonas ueyoseg 

V €9ç9 = PWY “ y gpog = Hy 
Q p ç = lu 7 = !u 

[uor8ə1 ə[qISIA] sonas r1əuu|eq 
yor =y yz = WHY 
E are = Ju “T = u 
[uor8ə: `A `n] sanas ueWAT 


Aq uəAI9 SILAS YOR UI UJSuə|ƏAPAA 
‘readde yj3u 

-Ə|ƏAPAA JUAIaJIp Jo szuəuodwos wsud 
ysnory} sassed yorum uonpIpui spura 
əqn1 pə[eəs e ur pa}eay ses uəSoipÁH 





u 
poz OLX zÇ = 


MH S a 
2 L. 


ayog 
JO snipey 


JIq.to s 


tu 
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UNIT- VI CHAPTER 


Atoms & Nuclei 1 2 





Syllabus 


> Alpha-particle scattering experiment; Rutherford's model of atom; Bohr model, energy levels, hydrogen 


spectrum. 


Chapter Analysis 


EF po | | 


Alpha-particle scattering 1Q 
experiment (3 marks) 
Rutherford's model of atom 1Q 

(2 marks) 


Bohr's model, Energy levels, 1Q 
Hydrogen spectrum 10 10 (2 marks) | (2 mak 
2 marks 3 mark e e 
(2marks) | (3marks) | 70 io 
(2 marks) | (2 marks) 





Revision Notes 


> 


There are roughly hundred types of atoms. (An atom is the identity of an element. 118 types of elements are 
known to us till date.) 

All atoms radiate different light spectra which shows these atoms are different and may be the smallest particles. 
With the discovery of electron by J. J. Thomson, it was evident that atoms have identical sub atomic particles and 
different light spectra of different atoms exists due to the motion of these particles. 

Atomic models 

e As atom is electrically neutral, the discovery of electron led by J. J. Thomson established that it should also have 


positive charge. Hence, he proposed first model of atom- Plum-Pudding model. Sra a Lanne 


° Plum-Pudding model : According to plum pudding model “the positive charge of the atom more about 
is uniformly distributed throughout the volume of the atom and the negatively charged ms Sp 
electrons are embedded in it like seeds in a watermelon." OF YO) 


° But subsequent studies on atom showed the results very different to this atomic model. 


Discovery of 
° With the discovery of Avogadro number, the atomic size was quite big as compared to the X-Rays 


sizes of atomic sub-particles. 


Rutherford's atomic model : 





° This led Rutherford to establish the second theoretical atomic model known as “nuclear model of the atom’. It 
was inspired by planetary position around Sun. 

° According to this model “ The entire positive charge and most of the mass of the atom is concentrated in a 
small volume called the nucleus, with electrons revolving around the nucleus just as planets revolve around 
the Sun.” 

° Though, it was initially a theoretical model but it was a major step towards the modern atomic model. 

° Geiger and Marsden experimentally proved Rutherford's atomic model. 
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Geiger & Marsden scattering experiment : 


Experimental setup : 
Vacuum 





Screen 


Source of a-particles 


> Radioactive element *53Bi was taken as a-particles generating source. 


> Gold was taken as target metal. The selection of gold was based upon its two important characteristics : 
° Highest malleability providing very thin foil possible to make. Gold foil that was used in experiment was almost 
transparent. 
° Gold is a heavy metal, hence it helped in discovery of nucleus. 
> Lead bricks absorbed the a-particles which were not towards the direction of gold foil. They worked as collimator. 
> The Detector was made from ZnS. 
Experimental observations : 
> When a-particles hit ZnS screen, it absorbs and glows. Hence, the number of a-particles can be counted by 
intensity variation. 
> Most of the a-particles passed roughly in straight line (within 1°) without deviation. This showed that no force 
was acting upon most of o-particles. 
> Avery small number of «-particles were reflected. (1 out of 8000) 
Conclusions : 
> Most of the space in the atom is mostly empty (only 0.14% scatters more than 1°) 
> Experiment suggests that all positively charged particles are together at one location at centre. It was called 
nucleus. So, nucleus has all the positive charge and the mass. Therefore, it has capability to reflect heavy positive 
a-particles. 
> Size of nucleus calculated to be about 10-“ m. According to kinetic theory, size of one atom is of the order of 10°" m. 
> Force between a-particles and gold nucleus 


_ 1 2eZe 
Alpha-particle trajectory : 
> Impact parameter: It is the perpendicular distance between direction of given a-particle and centre of nucleus. It 
is represented by “P. 


> Distance of closest approach : It is the distance between centre of nucleus and the a-particle where it stops and 
reflects back. It is represented by ‘d’. This distance gives approximation of nucleus size. 


sK 


O Target nucleus 
| |! 


da 





+ 
b 
+ 


Electron Orbits 
> We can calculate the energy of an electron and radius of its orbit based upon Rutherford model. 
> The electrostatic force of attraction, F, between the revolving electrons and the nucleus provides the requisite 
centripetal force (F.) to keep them in their orbits. 
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a; = c 
1 e? mv? 
For hydrogen atom, 7. 2 = 
ANE, r r 
2 
e 
Or r= — 
4TE gmv 


Electron has kinetic energy, K = Zm? . Putting the value of mv* in the above equation 














2 
e 
K = 
8T£or 
e 
And o = > 
4ne mr 
1 e boca ot me : 
PE. of an electron, U =- Fena ps (negative sign shows that it is due to attraction force) 
TEg T 
Total energy, E=K+U 
e? k. A 
Pa =, ` 
T8£or ATE r 
8T£or 


> Due to this negative energy, electron is bound to nucleus and revolves around it. This energy is known as binding 
energy of electron. 
> From the equation, it is clear that if energy is zero then radius is infinity. Practically, if we provide this amount of 
energy to this electron, it gets free. 
Atomic Spectra : 
> Each element has a characteristic spectrum of radiation, which it emits. There are two types of atomic spectra. 
Emission atomic spectra and absorption atomic spectra. 
> Emission atomic spectra : Due to excitation of atom usually by electricity, light of particular wavelength is emitted. 
This type of atomic spectra is known as emission spectra. 
> Absorption atomic Spectra : If atoms are excited in presence of white light, it absorbs its emission spectral colour 
and black line will appear in the same place of that atoms’ emission spectra. This type of spectra are known as 
absorption spectra. 
Spectral series : 
> The atom shows range of spectral lines. Hydrogen is the simplest atom and has simplest spectrum. 
> The spacing between lines within certain sets of the hydrogen spectrum decreases in a regular way. Each of these 
sets is called a spectral series. 
> Balmer Series : Balmer observed the first hydrogen spectral series in visible range of hydrogen spectrum. It is 
Longest wavelength = 6566.4 A 


known as Balmer Series 
1 1 1 
= p|, = 
À E n? J 
Shortest wavelength = 3648 À 


where, R is Rydberg’s constant . The value of R is 1.097 x 10’ m`: n = 3, 4, 5... 


1 v 

A œ 

v= Rc| — -— 

Hence, 2 2 
2 n 

 SSSSOHMON OH ONHOyg OOOH NH} HH} SAH DSN NABANH PADD NAD NAN ANN SINAN ANANDA NANOS SONS ANN NY 
Ç Ç 
Z @ Z 
Z 
, TRICK. Q, <Ç 
Z Z 
Z f 
Z Z 
Z —Q 
j 912A} 7 
Z ; — = Z 
7 @®, for fast calculation of wavelength —q 
7 R Z 
f —Q 
Z —Q 
Z Z 
Z Z 
AMMA IAMdHHynds\DBdxd_‘i‘iJdi TIA SSS SSS SSS SSS SSS SSS SISAN 
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Other series of spectra for hydrogen were as follows : 


> Lyman Series: A = R{ =) ; n=2,3,4,5,.... This is in UV range. 
H 
Longest wavelength = 1216 À 
Shortest wavelength = 912 À 


> Paschen Series: > = "|z = =): n=4,5,6 . 
H 
Longest wavelength = 18761.14 À 
Shortest wavelength = 8208 À 
> Brackett Series: > = "[z — =] ; n =5, 6, .... 
H 
Longest wavelength = 40533.33 A 
Shortest wavelength = 14592 A 
; 1 ,(1 #1 
> Pfund Series: a ae) sn =6,7,8..... 


Longest wavelength = 74618.1 A 
Shortest wavelength = 22800 A 
> The Lyman series is in the ultraviolet while the Paschen, Brackett and Pfund series are in the infrared region. 
Limitation of Rutherford model : 


> Itcould not explain the stability of the atom : The electron orbiting around the nucleus radiates papi honey 


this topic 


energy. As a result, the radius of the electron orbit should continuously decrease and ultimately 
the electron should fall into the nucleus. 

> It could not explain nature of energy spectrum : According to the Rutherford’s model, the 
electrons can revolve around the nucleus in all possible orbits. Hence, the atom should emit 
radiations of all possible wavelengths or in other words, it should have continuous spectrum. 

f 2 ë ‘ Rutherford 
However, in practice, the atoms are found to have line spectrum or discrete spectrum. Model of an 
Bohr's Model & Postulates : Atom 

> Anelectron can revolve in certain stable orbits without emission of radiant energy. These orbits 
are called stationary states of atom. 

> Electron revolves around nucleus only in those orbits for which the angular momentum is the integral multiple 





of ~ , Where, h is Planck’s constant. 
T 
p- h 
27 


> An electron may make a transition from one of its specified non-radiating orbit to another of lower energy. When 
it does so, a photon is radiated having energy equal to energy difference between initial and final state. 


> Hence angular momentum, 





hv = E- Eş where, v is frequency 
Angular momentum, L = mo;,r,, 
According to Bohr’s postulate, L= = 
T 
Hence, mv,1, = ad 
2T 
nh 
mr, = 
2V, 
e 
For hydrogen atom, v= 
4neqmr 
Combining these two equations, we get 
1 e 1 





Vpr 
n ATE, (h / 21) 


This equation depicts that electron speed in n" obit falls by a n factor. 


Pee a BE. 
" \m \2n) e 
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For innermost orbit n = 1; the value of r; is known as Bohr’s radius ao. 
2 
_ h eo 
ay = — 
nme 

If we put values of all constants, we get a) = 5.29 x 10-1! m = 0.53 Å 
It can also be observed that radii of n” orbit increase by n? times. 
By putting this value in total energy of an electron and convert the unit in eV, we get 


—13.6 
e 


n2 


E, = V 





Negative value shows that electron is bound to nucleus. 
> The explanation of the hydrogen atom spectrum provided by Bohr's model was a brilliant achievement. 
De-Broglie’s explanation of Bohr’s second postulate by quantisation theory : 
> According to Bohr’s postulate, electron in hydrogen atom can revolve in certain orbit only in which its angular 


momentum, L=n oa In these stationary orbits, electron does not radiate energy. 
T 


> de-Broglie proved it with the help of wave nature of electron while revolving. 


> Travelling wave propagates energy but stationary wave does not propagates energy. In analogy to waves 
travelling on a string, particle waves can lead to standing waves under resonant conditions. Resonant condition is 


= nÀ where, / = perimeter of orbit. 


À 
<A y Scan to know 
more about 
this topic 
[s] E] 
Q ° one 


de-Broglie 
O CF Explanation of 
Bohr's Atomic 


Standing wave when [= ni Model 





For hydrogen atom, length of the innermost orbit is its perimeter. hence 


2nag = nÀ ...(i) 
According to de-Broglie's wavelength of electron, 
h 
N= —- 
P 
Now equation (i) can be written as (taking a) = r) 
nr = H— (Li 
) (ii) 
But p = mv 
Hence, equation (ii) can be reduced as, amr = iia 
mv 
nh 
mor = — 
27 
pa 
27 


This is Bohr’s second postulate. 
Limitation of Bohr’s atomic model : 
> Bohr’s model is for hydrogenic atoms. It does not hold true for multi-electron model. 


Know the Formulae 





2 
> Radius of orbit, r= 5 
ANE mv 
e? 
> Kinetic energy of electron in its orbit, K = 
ANE r 
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1 e 
> PE of an electron; U =———.— 
ANE, r 
e 
> Velocity of electron in its orbit; v = ——— 
J4negmr 
2. 
> Total energy of an electron in an orbit; E=— 
81E gr 


Spectral series 


[ 287 


> Balmer Series: It is in visible range of hydrogen spectrum. 


1 1 
— = p| u 
À Ë 
> L Seri S 
yman Series: x E Z 
; 1_p 1 1) 
> Paschen Series: . 3 p? ; n = 4,5, 6 


1 1 1 
> Brackett Series: n — l n= 5,6,7... 


1 1 1 
> Pfund Series: A = 5-4} n = 6, 7, 8.... 


These series are in infrared region. 


> Relation between speed, total energy of an electron and its radius with respect to orbital number n : 


1 e 1 
V, = — 
n 4neg (h / 2r) 


J n? [z =e 
i m|\2n) e? 











2 








Bohr radius ao. ay = h £o ~053A 
nme? 
za —13.6 
Energy for nth orbiting electron E, =——eV 
n 


A Objective Type Questions 


— 


(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 


Q.1. A set of atoms in an excited state decays. 

(a) in general, to any of the states with lower 
energy. 

(b) into a lower state only when excited by an 
external electric field. 

(c) all together simultaneously into a lower state. 

(d) to emit photons only when they collide. 

[NCERT Exemplar] 
Ans. Correct option : (a) 
Explanation : A set of atoms in an excited state decays 
in general to any of the states with lower energy. 


Q.2. Two H atoms in the ground state collide 
inelastically. The maximum amount by which 
their combined kinetic energy is reduced is 


(a) 10.20 eV (b) 20.40 eV 
(c) 13.6 eV (d) 27.2 eV 
[NCERT Exemplar] 


Ans. Correct option : (a) 
Explanation : Total energy of two H-atom in ground 
state = 2(—13.6) = —27.2 eV. 
The maximum amount by which their combined 
kinetic energy is reduced when any one H-atom 
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Ans. 


Ans. 
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goes into first excited state after the inelastic 
collision, that is, the total energy of two H-atom 


after inelastic collision : 
13.6 


E= +13.6 
n 





_ 13.6 


52 





+ 13.6 [For excited state (n = 2)] 


= 3.4 + 13.6 = 17.0 eV 


So, the loss in kinetic energy due to inelastic 


collision will be, 
= 27.2 — 17.0 = 10.2 eV. 


. Taking the Bohr's radius as a, = 53 pm, the radius 


of Li** ion in its ground state, on the basis of 


Bohr’s model, will be about : 


(a) 53 pm (b) 27 pm 
(c) 18 pm (d) 13 pm 

[NCERT Exemplar] 
Correct option : (c) 


Explanation : According to Bohr’s model of an atom, 
radius of an atom in its ground state is 
ho 


r= > 


Z 


where, rg is Bohr’s radius and Z is atomic number. 
As given that, 
ro = 53 pm and atomic number of Lithium atom is 3 


so r= =17.67 pm = 18 pm 


. The simple Bohr's model cannot be directly 


applied to calculate the energy levels of an atom 
with many electrons. This is because : 


(a) of the electrons not being subject to a central 
force. 


(b) of the electrons colliding with each other. 
(c) of screening effects. 


(d) the force between the nucleus and an electron 
will no longer be given by Coulomb’s law. 


[NCERT Exemplar] 
Correct option : (a) 


Explanation: The simple Bohr's model cannot be 
directly applied to calculate the energy levels of an 
atom with many electrons because when we derive 
the formula for radius/energy levels, etc., we make the 
assumption that centripetal force is provided only by 
electrostatic force of attraction by the nucleus. 

It will only work for single electron atoms. In multi- 
electron atoms, there will also be repulsion due to 
other electrons. The simple Bohr model cannot be 
directly applied to calculate the energy levels of an 


atom with many electrons. 


. For the ground state, the electron in the H-atom 


has an angular momentum = h, according to the 
simple Bohr model. Angular momentum is a vector 


Ans. 


Ans. 


and hence there will be infinitely many orbits 
with the vector pointing in all possible directions. 
In actuality, this is not true, 


(a) because Bohr model gives incorrect values of 
angular momentum. 


(b) because only one of these would have a 
minimum energy. 


(c) angular momentum must be in the direction of 
spin of electron. 


(d) because electrons go around in horizontal 
orbits only. [NCERT Exemplar] 

Correct option : (a) 

Explanation : According to Bohr’s second postulate 

of atomic model, angular momentum of revolving 


electron must be some integral multiple of = : 
T 


So, Bohr’s model does not give correct value of 
angular momentum. 


. Consider the spectral line resulting from the 


transition n =2 to n =1 in the atoms and ions given 
below. The shortest wavelength is produced by : 


(a) hydrogen atom 

(b) deuterium atom 

(c) singly ionised helium 

(d) doubly ionised lithium 

Correct option : (d) 

Explanation : Wavelength is calculated as 


For hydrogen atom, Z = 1 

Deuterium atom, Z = 2 

Singly ionized helium, Z = 2 

Doubly ionized lithium Z = 3 

Thus, Z is maximum for lithium and so À is 
minimum. 


. The first excitation potential of a given atom is 10.2 
V. Then, the ionisation potential must be : 
(a) 20.4 V (b) 13.6 V 
(c) 30.6 V (d) 40.8 V 


Ans.Correct option : (b) 


Explanation: The minimum energy needed to 
ionized an atom is called ionisation energy. The 
potential difference through which an electron 
should be accelerated to acquire energy is called 
ionisation potential. 


(E,),, -(E,),, =10.2eV 
E 
or Fu (6), =10.2eV 


(E), =-13.6 eV Hence, ionisation potential 


energy is (E,,),, -(E,),, =13.6 eV 


H 


<». ionisation potential = 13.6 eV. 
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Q. 8. When the hydrogen atom is in its first excited state, 
its radius is : 
(a) same (b) half 
(c) twice (d) four times 
Ans. Correct option : (d) 
Explanation : The radius is given by 
ty = 1, (27 
= 4r, 
Q. 9. When a hydrogen atom is raised from the excited 


Ans. 


state to the ground state, 

(a) both K.E. and P.E. energy increase 
(b) both K.E. and P.E. decrease 

(c) the P.E. decreases and K.E. increases 
(d) the P.E. increases and K.E. decreases 
Correct option : (d) 

Explanation: As the hydrogen atom is excited to 
higher states from the ground state, the potential 
energy increases but negatively, therefore it 
effectively decreases. As going to the upper levels, 
the randomness and the energy gaps increase, as 
compared to the ground state, therefore the kinetic 
energy increases. 


(II) FILL IN THE BLANKS 


Q.1. 


Ans. 


Q. 2. 


Ans. 


Q. 3. 


Ans. 


Q. 4. 


Ans. 


Q. 5. 


Ans. 


Bohr used the law of conservation of ........................ 
to explain his theory. 
angular momentum. 


The distance of closest approach for the alpha 

particle nucleus is proportional to ............... 
1 

m 

According to Rutherford's model,........................... is 

responsible for revolving the electrons around the 

nucleus. [RI 

electrostatic attraction. 

The nuclear mass density is inversely proportional 

to the ,.............. of the nuclear radius. 

cube 

A photon is a packet of energy which is directly 

proportional to .................. [R] 

frequency. 


(HD Very Short Answer Type Questions 


Q.1. 


What is the maximum number of spectral lines 
emitted by a hydrogen atom when it is in the third 
excited state ? [O.D. Comptt. I, II, III 2013] 


Ans. 


Q. 2. 


Ans. 
Q. 3. 


Ans. 


Q. 4. 


Ans. 


Ans. 
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If n is the quantum number of highest energy level, 
then the total number of possible spectral lines 
emitted is 
n(n —1) 

2 


N= 


Here, third excited state means fourth energy level, 
1é.,n = 4 
N= SED 1) =6 1 


Name the experiment responsible for the discovery 


of atomic nucleus. [Ri 
Rutherford's Alpha Scattering Experiment. 
Most of the mass of an atom is with the positive 


charge. In case of hydrogen atom, what fraction of 


A hydrogen atom contains one proton (+ve charge) 


the atomic mass is with the positive charge? 


and one electron (-ve charge). As the mass of a 
proton is 1836 times that of an electron, so 1836/1837 
part of the atomic mass is associated with the 
positive charge. 

Out of the three radiations of the wavelength 8000 
Angstrom, 5000 Angstrom and 1000 Angstrom, 
which one corresponds to Lyman series of 


1000 Angstrom; because it belongs to ultraviolet 
radiations in the electromagnetic spectrum. 


Hydrogen spectrum. 


. What are the drawbacks of Thomson's model of 


R 


Thomson's model of the atom could not explain 


atom. 


the origin of spectral lines in the form of series as in 
case of hydrogen atom. It could not account for the 
scattering of alpha particles through large angles as 
in case of Rutherford's experiment. 


. Show the trajectory of the alpha particle when it 


approaches an atom of atomic number Z. 





À Short Answer Type Questions 


Q.1. 


Define the distance of closest approach. An 
a-particle of kinetic energy ‘K’ is bombarded on a 
thin gold foil. The distance of the closest approach 
is ‘r. What will be the distance of closest approach 
for an o- particle of double the kinetic energy ? 
[Delhi I, 2017] 


(2 marks each) 


Ans. It is the distance of charged particle from the 


centre of the nucleus, at which the whole of 
the initial kinetic energy of the (far off) charged 
particle gets converted into the electric potential 
energy of the system. 1 
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Distance of closest approach (r,) is given by 
2 
= 1  2Ze 7 
4neo K 








'K' is doubled, .:. r, becomes - 12 


[Alternatively : If a candidate writes directly — 


without mentioning formula, award the 1 mark 


for this part.] 
[CBSE Marking Scheme, 2017] 


Q. 2. Write two important limitations of Rutherford's 
nuclear model of the atom. [R [Delhi, I, IL III 2017] 


Ans. (i) According to Rutherford's model, electron 
orbiting around the nucleus, continuously 
radiates energy due to the acceleration; hence the 
atom will not remain stable. 1 

(ii) As electron spirals inwards; its angular velocity 
and frequency change continuously; therefore it 
will emit a continuous spectrum. 1 

[CBSE Marking Scheme, 2017] 


Q.3. The ground state energy of hydrogen atom is 
— 13.6 eV. If an electron makes a transition from 
an energy level - 1.51 eV to — 3.4 eV, calculate the 
wavelength of the spectral line emitted and the 
series of hydrogen spectrum to which it belongs. 

Al [OD L IL III 2017] 


Ans. Energy difference = 3.4 eV — 1.51 eV 
=189eV=3024x10'"J y 


Energy = = =3.024 x10 "J 1⁄4 
Wavelength = 6.47 x 10” m Vy 
The given series is Balmer series. 1⁄2 


[CBSE Marking Scheme, 2017] 


Detailed Answer: 
Energy difference = E,— E; 
= 3.4 eV - 1.51 eV 
= 1.89 eV 
12375(in À ) 


Since, À = —— vp 
E(ineV) 


_ 12375 A 
1.89eV 

= 6547 A 1 
As this spectrum is in visible range. This radiation 
lies in Balmer series. 1⁄2 
Q. 4. Calculate the ratio of the frequencies of the 
radiation emitted due to transition of the electron 
in a hydrogen atom from its (i) second permitted 
energy level to the first level and (ii) highest 
permitted energy level to the second permitted 





level. [Comptt. I, II, IIT 2018] 
Ans. Formulae 1⁄2 
(i) Frequency of first case Vy 

(ii) Frequency of second case 3⁄2 
Ratio V2 
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We have, 
hv = Ej- E; 
E Ë 
. ⁄ 
H£ H; 
Sot 
(i) hv, = nla- Eo x— ⁄ 
Í 
(ii) hv, = s|: 5) Ey X— ⁄ 
. 1 
Vo 


[CBSE Marking Scheme, 2018] 
Q.5. In the ground state of hydrogen atom, its Bohr 
radius is given as 5.3 x 10™ m. The atom is excited 
such that the radius becomes 21.2 x 10™ m. Find 
(i) the value of the principal quantum number 


and (ii) the total energy of the atom in this excited 
[OD South 2016] 


state. 
Ans. (i) DST 1⁄4 
2120 0 tS. Se 10" n? 
= n = Ya 
—13.6eV 
(ii) . a vs 
n 
— ee lw 
2 
[Award 2 mark if the student just writes 
E = E,/4] 


[CBSE Marking Scheme, 2016] 


Q. 6. The energy levels of a hypothetical atom are given 
below. Which of the shown transitions will result 
in the emission of photon of wavelength 275 nm ? 


[OD South 2016] 
A B 
0 
-2 eV 
C -4.5 eV 
D -10 eV 
; hc 
Ans. (i) Energy of photon = > 1 
664x10% x3x10" _ 
275510 x l6x10 
= 4.5 eV re 
(ii) The corresponding transition is B 1⁄2 


[CBSE Marking Scheme, 2016] 
Detailed Answer : 
Energy of a photon corresponding to wavelength À, 
E= he 


_ 66x10 x3x10° 


Y; 
sxo? i 


www.jeeneetadda.in 


ATOMS 


6.6x10 1 x3x10° r 
275x107? x1.6x10 1? 
6.6x3x107 

275x1.6 


= 4.5 eV 1 
(ii) The calculated energy of the photon matches with 


the transition B. 1, 


Q. 7. Show that the radius of the orbit in hydrogen atom 
varies as n’, where n is the principal quantum 


number of the atom. [Delhi I, II, III 2015] 








2 
Ans = mo 
5 > = 1 
ATE, r? r 72 
e? 
Co eee 
Ame mv 
2 
e : 
mur = (i) Va 
ATE, 


According to the Bohr's postulate, 





nh 
mor = — 
21 
243 
mvr = ” is 1⁄2 
AT 


Putting the value of mv*r from eqn. (i) 
: 24,2 
C mr = W h 


ATE, Ar” 


[É [z] Eo 
(Imloa) A 
The above equation shows that r is directly 


proportional to n? 1⁄4 
[CBSE Marking Scheme, 2015] 











Commonly Made Error 


e Some students were unable to recall the correct 
equation. 


Answering Tip 


e The students should carefully revise the 


relationships between the different variables in case 
of Bohr's postulates. 


Q. 8. Find the ratio between the wavelengths of the 
‘most energetic’ spectral lines in the Balmer and 


Paschen series of the hydrogen spectrum. 
[Delhi Comptt. 2016] 
Ans. Spectral lines in Balmer series 


1 1 1 
Sape fF 1⁄2 
Àp R| a 
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For ‘most energetic wavelength; àg should be 


Ne 1 
minimum. Hence — should be maximum. For this 


B 
case n = ©, 
1 
E -a(g 
Àp 2 co 
Àg 2 R 
Spectral lines in Paschen series 
1 1 1 
= == | — — — 1 
Àp É =] e 


Similarly we can prove that for ‘most energetic’ 
wavelength ; Ap 


H = oo 
1 (aS 
Àp 3 co 
1 R 9 
Hence, Ja =T Ap = R ⁄ 
Hence the ratio 
Àp: Àp = 4: 9 1 


Commonly Made Error 


e Many students couldn't understand or relate the 
fact that for 'most energetic’ spectral lines, they had 
to put n = eo in different series. 


Answering Tip 


e The formula for the number of spectral lines should 
be understood carefully. 





Q. 9. Using Rutherford model of the atom, derive the 
expression for the total energy of the electron in 
hydrogen atom. What is the significance of total 
negative energy possessed by the electron ? 


U [O.D. L II, HI 2014] 
Ans. For hydrogen atom ; 
The coulomb force provides the required centripetal 
force. 


1 e2 mv? 





Aner f 


e? 


2 y2 


F = —— 
AME mv 


Electron has kinetic energy; 





1 
K =—mv" 
Putting the value of mv* in the above equation 
K a i 
 8reor Š 
1 e I ; 
P.E. of an electron; U =—-———-— (negative sign 
ANE r 


shows that it is due to attraction force) 
Total energy, E=K+U 
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e? 1 e 
p= (eee 
SIE r ATE) r 

e? 


— s: 1⁄2 


8T£or 





The significance of total negative energy possessed 
by electron is bound to nucleus and revolve around 
it. This energy is known as binding energy of 
electron. VY, 
Q. 10. Energy of electron in first excited state in Hydrogen 
atom is —3.4eV. Find KE and PE of electron in the 
ground state [CBSE SOP 2019-20] 
. Energy of electron in n = 2is—3.4eV 
<. energy in ground state = — 13.6eV 
KE = - TE = +13.6eV 


An 


ie) 


E, = al => -3AeV = a 
H 


=> energy in ground state x = — 13.6eV. 1 
PE = 2TE = — 2x13.6eV = — 27.2eV 

Q. 11. Obtain the expression for the ratio of the 
de-Broglie wavelengths associated with the 
electron orbiting in the second and third excited 
states of hydrogen atom. [Delhi III 2019 ] 





Ans. 2nr = nÀ 1⁄2 
For second excited state (n=3) 
r = 0.529(n)2 À 
= 0.5296)" Ys 
=> 2n(0.529)(3)* = 3A, 
For third excited state n = 4 
r= 0.529 (4) 
=> 2n(0.529)(4)* = 42, 1 
3A, _ (9) 
4n, (4) 
Ba = 3: 4 1 
E) 
Alternatively, 
2n (0.53n*) = na 12 
= À ç n 
P % (n)for second excited state Wy 
à,  (n)for third excited state 
_ A for second excited state 3 1 
À for third excited state 4 
[CBSE Marking Scheme, 2019] 
Detailed Answer : 
Since, K.E.= = mo? 
z v= |2KE G) 
m 
h h a. 
À = aa 2KE using equation(i) 
m 
h nh 





hn = J2KEm ~ J2Em ` 
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”. for second excited state, n = 3 
for third excited state, n = 4 


A, _ 3 

A, 4 

Q.12.A photon emitted during the de-excitation of 
electron from a state n to the first excited state in 

a hydrogen atom, irradiates a metallic cathode of 
work function 2 eV, in a photo cell, with a stopping 
potential of 0.55 V. Obtain the value of the quantum 


number of the state n. [O.D. LIT 2019 ] 


Ans. ° For writing Einstein’s photoelectric equation 





1⁄2 

° For writing, E. =— 2L Vp 
H 

° For finding the value of n 1 


From photoelectric equation, ho=,+eV, % 
= 2 + 0.55 = 2.55 eV 








Given, E. = a 
n 
The energy difference 
AE = -3.4 — (-2.55) eV = -0.85 eV ee 
= = -0.85 %2 
n=4 [CBSE Marking Scheme, 2019] % 


Detailed Answer : 
Given : Work function (oç) = 2 eV 
Stopping potential V, = 0.55 V 
Stopping potential energy = e V, = 0.55 e V 





= KE 
Apply Einstein's photoelectric Equation 
KE = Bu — Wo 
or, eV, = ho — Wo 
or, ho = 0.55 eV + 2.0 eV 
ho = 2.55 eV 
12375 
Since, hv (in eV) = —— 
XA) 
G Le 12375 z 
Ë. 255 
= 4853 À 
1 
Again, — =: | — Ł | 
À ny Nn; 
[Since, it is excited to first excited 
state, So n; = 2 and n; = n] 
1 (1 | 1 1 
— >x — — ___ _ 
À \R 4 n? 
2R. = =. [-- 1 = 912 À] 
4853A 4 n R 
or, £ = 0.25 — 0.188 = 0.062 
H 
or, H = 4.02 
n = 4 
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Q. 13. State Bohr's quantization condition of angular 1 1 

momentum. Calculate the shortest wavelength of R{ +) 
the Bracket series and state to which part of the 


PORN >| — 








electromagnetic spectrum does it belong. ú = 1) _ 
[Delhi I 2019] or, À = = 16x hoa 16 x 91.2 nm 
Ans. Statement of Bohr’s quantization condition 1⁄4 = 1459 nm 
Calculation of shortest wavelength 1 This belong to the infrared region of spectrum. 
Identification of part of electromagnetic Q. 14. Calculate the orbital period of the electron in the 
spectrum 1⁄2 first excited state of hydrogen atom. [Delhi I 2019] 
Electron revolves around the nucleus Giatemient ot the Formula torr 1⁄2 
only in those orbits for which the angular Sistomontur the formula for a 1 
momentum is some integral of h/2x. (where h is Obtaining formula for T i 1⁄2 
: 7 n 
planck j n a ip Getting expression for T, (n = 2) 1⁄2 
Also give full credit it a student write 12 7 
i mis Radius, r, = — 0 p? 2 
mathematically mor n nme? 
2ne“ 1 
velocity, v, = — 1 
mca go Ansh n ⁄ 
2 2 
À ¿ 2nr, 4h n’ 


! Tua period, T, =—— i 
For Brackett Series, U me 


Shortest wavelength is for the transition of 
electrons from n; = © to n; = 4 
le 5 7 — 22 s Vs 
= R — |= — 2 4 


For first excited state of hydrogen atom n=2 % 





— 1 On calculation we get T, ~1.22 x107" s. 

k= a [Note : Do not deduct the last 1⁄2 mark if a student 
R does not calculate the numerical value of [T,]] 

= 1458.5 nm on substitution of value of R1 














i Alternatively, 
[Note : Don’t deduct any mark for this part, when 
a student does not substitute the value of R, to r = (0.53n7) A =0.53x10 £n? 1⁄, 
calculate the numerical value of À ] 
: C 
Infrared region. 1 a= = | 14 
[CBSE Marking Scheme, 2019] ' 
Detailed Answer : T= 2n(0.53) 10 n? 
Bohr's second postulate states that the electron | J 
revolves around the nucleus only in those orbits 137n 
for which s angular momentum is the integral a 27(0.53) 10 13 x 1375 
multiple of  , where 'h' is the Planck's constant c 
2+ "š 2x3.14x0.53x10 ! x 8 x 137 A 
(= 6.6 x 10 js) Ë 3x10° : 
A _ nh = 1215.97 x 10™ = (1.22 x10 )s %2 
F >: i 
Thus the angular momentum of the orbiting eae ë 
electron is quantized. If the student writes directly T„ < n 
For Bracket series, T, = 8 times of orbital period of the electron in the 
1 í i ground state (award one mark only) 
, R| u "J [CBSE Marking Scheme, 2019] 


For shortest wavelength n = œ 


À Long Answer Type Questions-l (3 marks each) 


Q. 1. (i) State Bohr’s postulate to define stable orbits in hydrogen atom. How does de-Broglie’s hypothesis explain 
stability of these orbits ? 


(ii) A hydrogen atom initially in the ground state absorbs a photon which excites it to the n = 4 level. Estimate the 


frequency of the photon. [R] [CBSE 2017, 2018] 
Ans. (i) Statement of Bohr's postulate 1 
Explanation in terms of de-Broglie hypothesis 1⁄2 
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(ii) Finding the energy in the n = 4 level 1 
Estimating the frequency of the photon 1⁄ 

(i) Bohr's postulate, for stable orbits, states 
“The electron, in an atom, revolves around the nucleus only in those orbits for which its angular momentum is an 


integral multiple of La (h = Planck's constant),” 1⁄2 


2T 


h 
Also accept mvr = os (NRHN, 2,39, ) 


h hk 
A de-Broglie's hypothesis, A= — = — 
s per de-Broglie's hypothesis p mo 
For a stable orbit, we must have circumference of the orbit = nA (n =1, 2, 3,....... ) 


Dir = n. mo 


n 
or mur = — 
n Vs 
Thus, de-Broglie showed that formation of stationary pattern for integral 'n' gives rise to stability of the atom. 
This is nothing but the Bohr's postulate. 1⁄2 


(ii) Energy in the n = 4 level = s: = — = f 


.. Energy required to take the electron from the ground state, to the n = 4 level = ea — (-E,) 
= = Di a x13.6x1.0 109] 
16 16 16 


Let the frequency of the photon be v, we have 


hv = = x 13.61.6x107 ? 
16 





_ 15x13.6x1.6x10"” 

mi 16x6.63x10™ 

~3.1x10 Hz (Also accept 3 x 10'° Hz) 1⁄4 
[CBSE Marking Scheme, 2018] 


VY; 














Noe, o FEF. wam am Pwed du t hl 
hcho „te p: CQypenjusaa 


k mhm of j 
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flu atit show be om wll _ 6 a Á. 
af ¿cha Md is. an 






‘mo Ç 
| “PA LS 
This ‘0 Lo aww. -conditio ditelad Sian al 


10 [ u Rewind 1G Sees et) ay 
- rea ' a ae 
_ aaa = =e 


| | Í 
= 13-4 — I3¢ 
I6 


— — — — — — Ta nv .A-Fu-Jr—sÓy  —=ss > ns O ?@Ü j 3 


= Bé — 0. 








|- 
f — 
E | L W” = py L: 
— — — — ——O —rHOS A, N  —xcJ 
| Now €= hy 
| I E 14-36 XK Ie X 611 = hv 
K&S. | BV = 12-95 X1-4 x107 
6-6 A io 
N = I13SAg xO” 
a3 
- zu a ss mais 
| = u. 15 X g À o'f 
j a ll 
| = Ure xÇ Mo" 
e Bi LI 
= Bi pro Hz 
[Topper's Answer, 2018] 
Q. 2. Using Bohr’s postulates, derive the expression for 
the orbital period of the electron moving in the n™ ER Pes nh „Bohr postulate 1⁄ 
orbit of hydrogen atom. 27 
[R] [Foreign, I, II, III 2017] ; 1 2 
Also Be = 1⁄ 
Á r ATE, r 
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z 
1. mo'r = ATE ⁄ 
0 
e2 2T e? 
5 v= x— = 1 
4neg nh 2egnh 
T= 2Tr 6 ami 1 
vV mv 
an{ = 
L mn. 
T 2 
o2 
m 
| 
313.2 
= 4n i 14 
He 


(Also accept if the student calculates T by obtaining 


expressions for both v and r.) 
[CBSE Marking Scheme, 2017] 


Q. 3. A monochromatic radiation of wavelength 975 A 
excites the hydrogen atom from its ground state to 
a higher state. How many different spectral lines 
are possible in the resulting spectrum? Which 
transition corresponds to the longest wavelength 








amongst them. [SQP 2018] 
Ans. Energy corresponding to the given wavelength, 

12400 

E (in eV) = —— = 1271eV 1 
A(inA) 

The excited state : 

E, - ËB, = 12.71 A 
Ee + 13.6 = 12.71 ⁄ 
H 
n =3.9=4 1⁄2 
Total no. of spectral lines emitted : = =6 


Longest wavelength will correspond to the 
transition from n = 1 to n = 4 1⁄4 
[CBSE Marking Scheme, 2018] 


Q. 4. (i) The radius of the innermost electron orbit of a 
hydrogen atom is 5.3 x 10™ m. Calculate its radius 
in n = 3 orbit. 


(ii) The total energy of an electron in the first excited 
state of the hydrogen atom is — 3.4 eV. Find out its 
(a) kinetic energy and (b) potential energy in this 


state. [Delhi Comptt. I, II, III 2014] 


Ans. (i) Radius of orbit 
Eg = n fo 
where, rọ is Bohr’s radius = 5.3 x 10-7! m 
radius of n = 3 orbit 
A= 3) * 5S xw" m 
= 47.7 x 10 m 
= 4.77 X10" m 1 
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= — 3.4 eV 





(ii) Given total energy E=- 


8T£or 





(a) Kinetic energy, K = = — Total energy 


STE gr 


Hence Kinetic energy, K = —(-3.4)eV=34eV 1 
2 





(b) Potential energy, P =- = 2 X total energy 


ATE r 


= — 6.8 eV 1 


Q. 5. (a) Explain briefly how Rutherford scattering 
of a-particle by a target nucleus can provide 
information on the size of nucleus. 


(b) Show that density of nucleus is independent of its 
mass number A. [Delhi HI 2019 ] 


Ans. Draw a plot of o-particle scattering to show 
variation of scattering particle. 1 


Describe briefly how large scattering explains 
existence of nucleus. 1 


Explain with the help of impact parameter picture 
how Rutherford scattering serves powerful way 
to determine upper limit of nucleus. 1 


fees 


Number of scattered 
particles detected 





10 
0 20 40 60 80 100 120 140 160 180 
Scattering angle 0 (in degree) 
The data shows that large number of a-particles 


do not suffer large scattering but small number 
suffer greater scattering. It is concluded that 1⁄2 


(i) most of the space in the atom is empty 


(ii) massive positively charged nucleus occupies small 
region. 1⁄2 


0 
©, Target nucleus 





x" 

a Vs 
From the picture it is clear that for small impact 
parameter suffers large scattering thus it shows 
the upper limit to the size of nucleus. 


[CBSE Marking Scheme, 2019] 1⁄2 
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alpha particle 
beam 







radiation source 






Observation : 

@ Most of the alpha particles passed through the 
foil without suffering any collisions. 

@ Around 0.14% of the incident alpha particles 
scattered by more than 1°. 

@ Around 1 in 8000 alpha particles deflected by 
more than 90°. 

Conclusion : 

(1) Since most of the Alpha particles passed through 
the foil without undergoing any deflection, 
there must be sufficient empty space within the 
atom. 

(2) Since few alpha particles were deflected through 
small angles and alpha particles were positively 
charged particles, these could be deflected only 
by some positive body present within the atom. 
Those alpha were particles deflected which 
passed very close to this positive body. 

(3) Since some alpha particles were deflected back 
and alpha particles are heavy particle these 
could be deflected back only when they strike 
some heavier body inside the atom. 

(4) Since the number of alpha particles deflected 
back is very-very small, this shows that the 
heavy body present in an atom must be 
occupying a small volume. 

The small heavy positively charged body present 

within the atom was called nucleus. 

The trajectory, traced by the a-particles in the 

Coulomb field of target nucleus, has the form 

shown below. 


0 
@ Target nucleus 





ro 


The size of the nucleus was estimated by observing 
the distance (d) of closest approach, of the 
a-particles. This distance is given by : 
_ I 2eZe 
4me, K 
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where, K = kinetic energy of the a-particles when 
they are far away from the target nuclei. 


Since, the value of 'd' can easily be calculated or 
determine when the value of Z is more. Hence it 
is more useful for the upper limit on the size of 
nucleus. 


. Draw a plot of a-particle scattering by a thin foil 


of gold to show the variation of the number of the 
scattered particles with scattering angle. Describe 
briefly how the large angle scattering explains the 
existence of the nucleus inside the atom. Explain 
with the help of impact parameter picture, how 
Rutherford scattering serves a powerful way to 
determine an upper limit on the size of the nucleus. 

[O.D. I 2019 ] 


Ans. (a) Explanation of information on the size of 


nucleus 1% 
(b) Showing the independence of density on 
mass number 1% 


(a) Many of the a-particles pass through the foil. a 


few particles deflect by more than 90°. 1⁄4 
Rutherford argued that to deflect the a-particles 
backward, it must experience a large repulsive 
force. 1⁄4 
It shows that most of the part of an atom is 
the empty space and its positive charge is 
concentrated tightly at its centre and its size is 
very small as compared to the size of atom. % 





(nearly times the size of atom) 


10,000 


Alternatively, 
In Rutherford experiment, the calculation of 
distance of closestapproach providesinformation 
about the size of the nucleus. 
Let K be the initial kinetic energy of the alpha 
particle. 
At the distance of closest approach 

1 (Ze)(2e) © k 


2 








Ane a 
2Ze* 
Yt = 
4ne,k 
(b) Radius of the nucleus of mass number A, 
k= R AY 3 where, R, is constant. VY, 
Volume of the nucleus, 
V= 2 nR’ 
3 
1⁄2 
==: £ a(R A" ) š 
= STAR; 
Density (p) = - = a s ma 
volume ($aR,’A) 
3 
3m 
= 1 
4nR,° L 


i.e., independent of mass number A. 
[CBSE Marking Scheme, 2019] 
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Detailed Answer : 


(a) 


(b) 


Rutherford scattering : A beam of a-particles was 
emitted from a radioactive source and collimated 
to thin metal foil made of gold. The scattered 
a-articles on striking the screen produce brief light 
flashes. The distribution of the number of scattered 
particles was studied as a function of angle of 
scattering. 

Observations : 

(1) Many of a-particles pass through the foil. It 
means they do not suffer collisions. 

Only about 0.14% of incident a-particles scatter 
by more than 1° and about 1 in 8000 deflects by 
more than 90°. For this to happen, a repulsive 
force should act. This force could be provided 
if the greater part of mass of the atom is + vely 
charged concentrated tightly at its centre. Thus 
the size of nucleus was estimated to be about 
10-? to 10711 m. 

Let the volume of nucleus be V 

Mass of nucleus be M 

Mass of nucleon be m 


(2) 





4 M 
 V= 3 z? and density p = y 
4 
> M = 3 Trp 
as r = ro A! 
4 3 
= M = 3 To Ap 
as, mass of nucleon = À (mass number) = Mass of 
nucleons 
Bios i 
m = 3 Nro P 
=s p= 3m 
Anr 


— nuclear density is independent of mass number 


(A). 


Q. 7. (a) How is the stability of hydrogen atom in Bohr 


model explained by de-Broglie's hypothesis ? 


(b) A hydrogen atom initially in the ground state 


14. 


absorbs a photon which excites it to n = 4 level. 
When it gets de-excited, find the maximum number 
of lines which are emitted by the atom. Identify 
the series to which these lines belong. Which of 
them has the shortest wavelength ? [O.D. II 2019] 


(a) Explanation 2 
(b) Identification of Series % 
(c) Identification of shortest wavelength 1⁄2 


Explanation : The quantised electron orbits 
and energy state are due to wave nature of 
the electron and only resonant standing 
waves can persist. 2 
According to de Broglie Hypotheosis, 


(a) 


2nr=na 
ait 
mv 


a 
mvr= | — 
21 


Lyman series : 1⁄2 
transition from n = 4ton = 1 will have shortest 


wavelength. 1⁄2 
[CBSE Marking Scheme, 2019] 


(b) 


Detailed Answer: 
(a) Bohr combined classical and early quantum con- 


(b) 


cepts and gave his theory in the form of three pos- 
tulates. The second postulates is : Electron revolves 
around the nucleus only in those orbits for which 


baie . h 
angular momentum in integral multiple of > 
T 


de-Broglie had proposed that material particle 
such as electrons also have a wave nature. He 
argued that the electron in its circular orbit, as 
proposed by Bohr, must be seen as a particle wave. 
Drawing an analogy with waves travelling on the 
string, particle waves too can lead to formation of 
standing waves. In a string, standing waves are 
formed, when the total distance travelled by a wave 
back and forth is one wavelength, two wavelength 
or integral multiple of wavelengths. Other waves 
interfere with themselves after reflection and their 
amplitude falls to zero. For an electron moving in 
n orbit with radius r,, its circumference is 2nr, 





arr, = nÀ, n = 1, 2, 3 
From de-Broglie's hypothesis, 
Wavelength of the election (À) is given as, 


p mu 
For n*™ orbit, À = wll 
mo, 
nr = nh _ nh 
tr, = — ormv,r, = — 
mo 21 


n 


This is the second postulate of Bohr. That give the 
discrete orbits and energy levels in hydrogen atom. 


Thus de-Broglie explained the postulate of 
quantisation angular momentum. 


For ground state n = 1 For de-excitation from 
H = 4 to n = 1 we get spectral lines constituting 
Lyman series whose wavelength is given by the 


formula, 
1 1 1 
So sp = = 
$ Ë n? | 


Here R = Rydberg constant number n = 2, 3, 4 
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1 _p(y_1)_3R 4 
À. 4) 4 >= 3R 
1 
Ds n( 4-4) ë R{1-<] 
À, I aes a 
9 
=> Aa = — 
3 8R 


À Long Answer Type Questions-I 


Q.1. (i) In Rutherford scattering experiment, draw the 
trajectory traced by o-particles in the coulomb 
field of target nucleus and explain how this led to 
estimate the size of the nucleus. 

(ii) Describe briefly how wave nature of moving 
electrons was established experimentally. 

(iii) Estimate the ratio of de-Broglie wavelengths 
associated with deuterons and o-particles when 
they are accelerated from rest through the same 
accelerating potential V. [OD I, II, III 2015] 

Ans. (i) The trajectory, traced by the o-particles in the 
Coulomb field of target nucleus, has the form 
shown below : 


` wv 
š o 
+ | © Target nucleus 


da 





The size of the nucleus was estimated by observing 
the distance (d) of closest approach, of the 
a-particles. This distance is given by : 
q- 1 2eke i 
4n& K 
where, K = kinetic energy of the a-particles when 
they are far away from the target nuclei. 

(ii) The wave nature of moving electrons was 
established through the Davisson-Germer 
experiment. 1⁄2 
In this experiment, it was observed that a beam of 
electrons, when scattered by a nickel target, showed 
‘maxima’ in certain directions; (like the ‘maxima’ 
observed in interference/diffraction experiments 


with light.) 1⁄2 
ss: h 
(iii) À = 7 y, 
Pe 
mv 
h 


1 = “Bing ⁄ 
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1 1 1 1 
a) ag 


16 1 
M = — Here, — — g912 À 
= += ISR [Here RT 92A ] 
There would be maximum three lines emitted by the 
atom. 


À, has the shortest wavelength. 


(4 marks each) 


À m 
Hence, T = Mafa 
a maqa 


(accelerated potential is same for both particles) 


x - [PZ ! 
he 2x1 
Q. 2. (i) Using Bohr’s postulates, derive the expression 
for the total energy of the electron in the stationary 
states of the hydrogen atom. 


(ii) Using Rydberg formula, calculate the wavelengths 
of the spectral lines of the first member of the Lyman 

















series and of the Balmer series. [Foreign 2014] 
Ans. (i) mor = ms 1⁄ 
2T 
mv _ 1 e 
r Ane, r’ 
e2 
r= > 
ATE mv 
2 
ie — 
areon | 
2mmr 
_ egal 
= r= z TA 
nme 
1 e’ 
Potential energy, U = — = 
ATE, r 
me* 
s 4eon*h* L 
2 
KE =- m=i m nh 4 
2 2 2Tumr 
2,22 9) 2 4 
_ MO K me i 
8n7mean*h* 
ee = 1E : 
OS genh ; 
TE = KLE. + P.E. 
4 
me i 
a Z 
Ben h’ 
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(ii) Rydberg's formula : For first member of Lyman For first member of Balmer Series. 
series, I R 1 1 
1 | {i ao [> 3° | 
L = R| — —— 
À [ee 36 
À = SR y2 
y= = = yol A Vp = © 912 A 
ok Š 5 
: = 6566-4 A 
i. [CBSE Marking Scheme, 2014] 
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CHAPTER 





Syllabus 


> Composition and size of nucleus. 
> Mass-energy relation; mass defect; Nuclear fission; Nuclear fusion. 


Chapter Analysis 


List of Concepts Names 2017 2018 
x j pj DOD 
1Q 


Nucleus and Mass Energy 1Q 

Relation (2 marks) (2 marks) 

Radioactivity and Nuclear 1Q 1Q 1Q 1Q e 
Reactor (5 marks) | (5 marks) (3 marks) T Ó (3 marks) 


Revision Notes 





> As per Rutherford scattering experiment, it is established that radius of atom is 10* times of its nucleus. Hence, 
volume of nucleus is 10112 times smaller than atom. This concludes that atom is almost empty. 
> For measuring atomic mass and its sub-particles, new unit of mass is introduced as atomic mass unit ‘u’. 


mass of one C atom 
12 
1u = 1.660539 x 10°” kg 


> Atomic mass unit is not an integral multiple of u due to presence of isotopes (atoms of same element with different 
atomic masses). 


> All mass and positive charge of an atom is concentrated in its centre known as nucleus. 
> Chadwick discovered a new sub-particle in nucleus known as neutron. It is electrically neutral in nature. 
Mass of neutron m, = 1.00866 u = 1.6749x10 2? kg 
> The composition of a nucleus can now be described using the following terms and symbols : 
° Z = atomic number = number of protons (equal to the number of electrons) 
° N = neutron number = number of neutrons 


lu = 


° A = atomic mass number = (Z + N) = total number of protons and neutrons 


> An atomis represented by 4x where 


X = Symbol of element 
A = Atomic mass number 
Z = Atomic number 
> Isotopes : Two atoms of an element having same atomic number (Z is same) but different atomic mass number (due to the 
different number of neutrons) are said to be isotopes. 
> Isobars : Two atoms of different elements having same mass number but different atomic numbers are said to be isobars. 


> Isotones : Two atoms of different elements having different mass numbers and atomic numbers such that their difference 
is same are said to be isotones. It means they have same number of neutrons. 


> Size of the nucleus: A nucleus of mass number A has a radius 
Rom Ra As where, Rọ = 1.2 x 10" m 
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> Nuclear matter density = 2.3 x 10!7 kgm 


> Earlier it was believed that anything in the universe can be classified into matter or radiation. Einstein proposed that there 
are two forms of energy which are interconvertible. 


Scan to know 


F = mc > more about 
where, c is speed of light. Mus topic 
> With this relation we may calculate 1 u = 931.5 MeV 
> Mass Defect: The difference in mass of a nucleus and its constituents, AM, is called the mass defect, and 
is given by, 
AM = [Zm, + (A =Z )m,] — M.. Nuclear Binding 


Energy 





> Fission : A heavy nucleus (low Binding Energy per Nucleon) is broken into two lower nucleus 
(higher Binding Energy per Nucleon) with the release of energy. This process is known as 
Fission. 


Example : 1n +9 U 333° U >k Ba +%Kr +3; n +200 MeV 
> Fusion : Two light nucleus (low Binding Energy per Nucleon) are joined to form one nucleus of higher Binding 
Energy per Nucleon and energy is released. This process is known as Fusion. 


Example: 1H + H =>? H +e* +v +0.42 MeV 


> Nuclear Force: 


° The binding energy per nucleon is approximately 8 MeV, which is much larger than the binding energy in 
atoms. 


° This high Binding Energy per Nucleon counters the repulsive force between protons and bind both protons 
and neutrons into the tiny nuclear volume. 


° The nuclear force is much stronger than the Coulomb force acting between charges or the gravitational forces 


1 
between masses but it's a short range force [° 7) 
F, 


> Nuclear Energy by artificial Fission and Fusion processes 


° Fission : When a heavy nucleus is broken into two smaller nuclei, the process is known as fission. In this 
process, huge amount of energy is released. 


When a neutron was bombarded on a uranium target, the uranium nucleus broke into two nearly equal 
fragments releasing huge amount of energy. 
° Some combination of products of above reaction are 


n+ U 32 U—Ba+3Kr+30n 
ont U > S U Ba +3 Nb + 4n 
ont o5U —Ə! Xe +38Sr +20n 


° The energy released (the Q value ) in the fission reaction of nuclei like uranium is of the order ot 200 MeV per 
fissioning nucleus. 


Nuclear Reactor : Scan to ae 
more about 
235 oe ma ae 
e When ‘92U undergoes a fission after being bombarded by a neutron, it releases an extra this topic 


neutron. This extra Neutron is available for initiating fission of another Ui Hence, it is a 


chain reaction. Controllable form of ` f 
chain reaction is used in nuclear reactor. 


° Reason for not having a chain reaction in efficient way : Nuclear 
° Poor concentration of Uranium — 
Solution : Enrichment of ore. 
° Speed of neutrons is very high hence they penetrate through Uranium, without having fission reaction. 
Solution : Convert high energy neutron to thermal neutron by collision with moderator. 
° Controlling the rate of reaction. 
Solution : Insertion of control rods so that they absorb excess neutrons and rate of reaction K is equal to one. 
> Benefits of Nuclear reactor : 
° Huge energy from small quantity of uranium. It’s a good replacement of coal reactor. 
> Risks of Nuclear reactor : 
° Uncontrollable blast 
° Radiation leakage as uranium waste is also radioactive. 
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> Nuclear Fusion : Two light nuclei (low Binding Energy per Nucleon) join and form one nucleus of higher Binding Energy 
per Nucleon, energy is released. This process is known as Fusion. 
Some Examples of nuclear fusion are 


IH+IH 37H +e* +v +0.42MeV 
2H +?H > 3He +n +3.27 MeV 
*H+7H > °H + 1H + 4.03 MeV 


> Nuclear fusion is the source of energy for the stars. 
> Fusion process gives more energy than fission process. In the above examples of fusion and fission, energy from 
one unit mass by fusion is 6.7 MeV while from fission it is 1 MeV 
> Advantages of Nuclear fusion reactor : 
° It’s a clean fuel. No radioactive wastage in this process. 
° Hydrogen is available in plenty. 
> Problems of Nuclear fusion reactor : 
° Cannot be stopped unless the whole stock is burnt. 
° Storage of hydrogen plasma. 
> Hydrogen bomb is uncontrollable nuclear fusion reaction. 


> Thermal nuclear fusion reaction in Sun : Fusion of hydrogen nuclei into helium nuclei is the source of energy of 
all stars including our sun. 


1H+1H 97H + e* +v +0.42 MeV ...(i) 

el +e —Ə y+Y+1.02 MeV (ii) 
*H+IH —Ə¿He+ y + 5.49 MeV (iii) 
3H+3H —>4He +H +! H +12.86 MeV (iv) 


The combined effect of above reactions is 
41H +2e > 3He +2v + 6y + 26.7 MeV 


Know the Formulae 


> Size of the nucleus: 
R = R, A!5 where R, = 1.2 x 10” m 
> Mass Defect : AM =[Zm, + (A - Z )m,] -— M 


1 Objective Type Questions (1 mark each) 


— 





(I) MULTIPLE CHOICE QUESTIONS So, the electronic energy level of the atom changes 


Q. 1. When a nucleus in an atom undergoes a radioactive in emission of a and B particle, but not in y decay. 


decay, the electronic energy levels of the atom Q.2. M, and M, denote the atomic masses of the 


(a) do not change for any type of radioactivity. parent and the daughter nuclei respectively in a 


(b) change for a and ß radioactivity but not for r 
radioactivity. 


(c) change for a radioactivity but not for others. 


radioactive decay. The Q-value for a B-decay is 
Q; and that for a B* decay is Q,. If m, denotes the 


(d) change for B radioactivity but not for others. mass of an electron, then which of the following 


[NCERT Exemplar] 
Ans. Correct option : (b) (a) Q, = (M, — M,)c ‘and Q, = (M, — M, — 2m, )c š 
Explanation : As we know that, 


statements is correct? 


b) Q, = (M, — M,)c* and Q, = (M, - M, )c’ 
a-particle : 2 units of positive charge (b) Q, = (M, p ana ar (M =M 


B-particles : 1 unit negative charge (c) Q, =(M,- M, — 2m,)c2 and Q, = (M, — M, +2m,)c’ 
y-particles : No charge 

2 2 
Due to this reason, energy levels of the atom change (d) Q, =(M, — M, + 2m,)c and Q, = (M, — M, +2m,)c 
for a and B but not for others. [NCERT Exemplar] 
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Ans. Correct option : (a) 
Explanation : Let the parent nuclei 4X is radioactive 


atom and decay fy as : 


A A 0 = 
sX“ =a tae +V+O, 


Q, =[m, X-man Y4)- m, | 
=| m,(,X*)+m,Z—m, (,4Y*)-(Z+1)M, | 


z+1 

-|m X -mea YA) |e? 
Let the nucleus = ,X“ radiate B decay 
X43, YA + e° +v+Q, 


z+1 


Q, =[m,(,X“”)—m(, , Y“)—2m,]c° 
=[m,(,X“)+m,Z—m,(,_,Y*)-—(Z-1)m, — 2m.]c° 
=[m(,X“)—m,(, , Y“)— 2m,]c° 
=(M, - M, —2m, )c? 


Q. 3. The dependence of binding energy per nucleon, 
By on the mass number A, is represented by 





A-96—_> 


Ans. Correct option : (a) 
Explanation : The graph showing that greater 
the binding energy per nucleon, the more 
stable is nucleus. The graph has its maximum of 
8.8 MeV/N when the number of nucleons is 56. The 
nucleus that has 56 protons and neutron is °; Fe, 
an iron isotope. This is the most stable nucleus of 
them all, since maximum energy is needed to pulla 
nucleon away, from it. 

Q. 4. The mass of alpha particle is : 
(a) less than the sum of masses of two protons 

and two neutrons. 

(b) equal to mass of four protons. 
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(c) equal to mass of four neutrons. 
(d) equal to sum of masses of two protons and 
two neutrons. [R] 


Ans. Correct option : (a) 


Explanation : Since, an alpha particle is the nucleus 
of Helium which has two protons and four nucleons. 
So, the mass of alpha particle is less than the sum of 
masses of two protons and two neutrons. 


Q. 5. Heavy stable nucleus have more neutrons than 
protons. This is because of the fact that 
(a) neutrons are heavier than protons. 
(b) electrostatic force between protons are 
repulsive. 
(c) neutrons decay into protons through beta 
decay. 
(d) nuclear forces between neutrons are weaker 
than that between protons. [NCERT Exemplar] 
Ans. Correct option : (b) 
Explanation : Electrostatic force between proton- 
proton is repulsive which causes the instability of 
nucleus. So neutrons are larger than proton. 
Q. 6. Nuclear fission and fusion can be explained on the 
basis of : 
(a) Conversion of energy principle. 
(b) Einstein mass-energy equivalence relation. 
(c) Binding energy per nucleon variation with 
nucleon number. 
(d) Variation of mass with increasing atomic 
nucleus. [R] 
Ans. Correct option : (b) 
Explanation : Since, Nuclear Fission and Fusion are 
processes in which mass is converted into energy. 
Hence, nuclear fission and fusion can be explained 
on the basis of Einstein mass-energy equivalence 


relation. 
(II) FILL IN THE BLANKS 
Q. 1. The mass density of a nucleus varies with mass 
number A as . 
Ans. A’ (independent). 
Q. 2. Curie is a unit of . [RI 


Ans. Radioactivity. 

Q. 3. The binding energies per nucleon for deutron 
and an alpha-particle are x, and x , respectively. 
The energy Q released in the given reaction 


*H, + 7H, > “He, +Qis —— 
Ans. 4 (x, — Xj). 
(III) VERY SHORT ANSWER TYPE QUESTIONS 
Q. 1. Four nuclei of an element undergo fusion to form 
a heavier nucleus, with release of energy. Which 
of the two — the parent or the daughter nuclei — 


would have higher binding energy per nucleon ? 
[CBSE 2018] 
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Ans. Daughter nuclei will have higher binding energy 
per nucleon. 


The mass of heavier nucleus (daughter) is less than 
the sum of masses of combining nuclei. So, mass 
defect is more in daughter nuclei resulting into 
more binding energy per nucleon. 1 


Q. 2. If the atomic number of an element is 11 and the 
atomic mass is 24, how many electrons does it 


have? 


Ans. Atomic number of any element gives the number of 
protons which is equal to the number of electrons in 
an atom. Sodium has atomic number 11, this shows 
that Sodium atom has 11 protons in its nucleus and 
has 11 electrons surrounding its nucleus. 


Å Short Answer Type Questions 


Q. 1. Calculate the energy in fusion reaction : 
1H? +,H’ — }He+,n’ where, BE of ,H* = 2.23 
MeV and $He =7.73 MeV. 


[Delhi Set I, II, III 2016] 


Ans. Total Binding energy of Initial System 


ie., 1H4+ /H2 = (2.23 + 2.23) MeV 

= 4.46 MeV 1⁄4 
Binding energy of final system i.e., 3He 

= 7.73 MeV 1⁄2 
Hence energy released = 7.73 MeV -446 MeV 1⁄4 

= 3.27 MeV 1⁄4 


[CBSE Marking Scheme 2016] 


Q. 2. Show that the density of nucleus over a wide 
range of nuclei is constant and independent of 


mass number. 
Ans. We have 
K = A") ⁄ 
.. Density, p= mA 1⁄2 
4 1/332 
z T(RoA ) 
=; is 1 
3 RO 
Hence p is independent of A. 
(Here m is the mass of the nucleus.) 1⁄2 
[CBSE Marking Scheme 2013] 
Detailed Answer: 
mass of nucleus M = volume of nucleus x nucleus 


density 
M=Vxp 
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Q. 3. What do you mean by mass defect of a nucleus? 
R 
Ans. The difference between the rest mass of a nucleus 
and the sum of the rest masses of its constituent 
nucleons is called its mass defect. It is given by 
Am=Zm, + (A— Z)m, -—m 
Q. 4. Identify the nucleides X and Y in the nuclear 
reactions. 
sB” +, H! >, Be° + Xg C ty Y +, e°. 
Ans. Using conservation of mass number and charge no. 


11+1-8=4; 4 
5+1-4= 2 X plea 5X 


14-0=14 ; 14 
6- Ca 7 Y SES Y. 


(2 marks each) 


k Ë 
M S -TR 
3 p 


(R = radius of the nucleus) 
pa 09 
4mp 


1 
ee 
r=(2) MAY 
Anp 


If m = mass of one nucleon 
M = mA where A = mass number (Z+ N) 
Putting the value of M in eq. (i) 


i: 3 
R= Bi (mA)? 





Arp 
We know that 
1 
R= RA’ 
Hence, 
l faye... 
RA? = J (mA)? 
Anp 
Cubing both sides 
R3A = — mA 
4np 
Or p= n 
4nRo 


Hence, Nuclear density p, over a wide range of 
nuclei is constant and independent of mass 


number A. 
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Q.1. Distinguish between nuclear fission and 
fusion. Show how in both these processes 
energy is released. 

Calculate the energy release in MeV in the 
deuterium-tritium fusion reaction : 


Å Long Answer Type Questions-l 
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(3 marks each) 


fusion is combining of lighter nuclei to form 
heavier nucleus. We see that binding energy per 
nucleon of daughter nuclei in both fission and 
fusion processes is more than that of parent 
nuclei. Further, the difference in binding energy 


H+ H >; He+ n! is released in form of energy while in both the 


processes certain masses get converted into 


Using the data : ae 
energy. + 
m(7H) = 2.014102 u 
In both processes, some mass get converted into 
m[1H) = 3.016049 u enera 
Energy Released, 
4 
m(3He) = 4.002603 u a= | n(H) + m(3H) -m($He)—m(n)| 
m, = 1.008665 u x 931.5 MeV 
u 2 ' 
1 amu = 931.5 MeV/c = [2.014102 + 3.016049 — 4.002603 — 1.008665] 
[Delhi I, II, HI 2015] x 931.5 MeV 


= 0.018883 x 931.5 MeV 
= 17.59 MeV 1 
[CBSE Marking Scheme 2015] 


Ans. Nuclear Fission is the breaking down of heavier 


nucleus into smaller fragments while nuclear 
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1 An tur cudu gf Gaxa Mas limbini {p gom a Stab. phous 
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| | êen ! AES C b S 
| Ja gf nuy > 
7H + 2 H —— „Hetn 


























= = (1. $ 





Mev j _ 
——— 


How are protons, which are positively charged, 
held together inside a nucleus? Explain the 
variation of potential energy of a pair of nucleons 
as a function of their separation. State the 
significance of negative potential energy in this 


region? [SOP 2018] 


Ans. Nuclear force binds the protons inside the 


nucleus. 1⁄2 
For Graph and explanation, refer to NCERT page 
No. 445 2 
Significance of negative potential energy. Force is 


attractive in nature. VY, 
[CBSE Marking Scheme 2018] 


Detailed Answer: 


There are two types of forces : Coulomb force and 
nuclear force which are acting between protons 
in the nucleus. Gravitational force between two 
protons is very weak. 

Between these two forces, nuclear force is stronger 
as compared to Coulomb force but it is very short 
range force. Coulomb force which is repulsive in 
nature for two protons dominant over nuclear force 
when distance between two protons increases more 
than few femtometer. As nuclear size is in the order 
of femtometer, the nuclear force between protons 
dominate over the Columbian force. It is attractive 
in nature and binds together. Moreover, neutrons 
in nucleus also act as glue to held protons together 
as there is no coulomb force between protons 
and neutrons but there is attractive nuclear force 
between them. 1⁄2 


Jhun gtii „Fha bE pus pudim of produis is meu Taan at 
| 2 seach. Tm iuus -in BE fua um o uingnid sy 








| am x G3). 


= ° oN 20 « _ 


asm = 6.0301 S| — S$. Giep 





man of asta = 3-016 041 t 2: olti C l G 


= $.030ISIk 
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Q.3. 


[Topper’s Answer 2015] 


Potential energy (MeV) 


ue 
= 
© 





It is clear from the graph, as the nucleons come 
closer under attractive nuclear force, the potential 
energy decreases and PE becomes more and more 
negative. When the distance between two nucleons 
falls below 10-5 m, the nuclear force becomes 
repulsive and potential energy increases rapidly. 2 
Hence negative PE shows that force between 


nucleons is attractive. 1⁄2 
(a) State two distinguishing features of nuclear 


force. 


(b) Draw a plot showing the variation of potential 


energy of a pair of nucleons as a function of their 
separation. Mark the regions on the graph where 
the force is (i) attractive, and (ii) repulsive. 

[O.D. LIT 2019 ] 


Ans. (a) Stating distinguishing feature of nuclear force. 1 
(b) Draw a plot showing variation of potential energy. 


1 
(c) Marking the regions. y+ 
(1) Short range force 
(2) Strongest force 
(3) Attractive in nature 
(4) No dependency on charge (any two) 1 
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(b) 
= 
O 
= 
< 
= 
Y 
D 
T 
= 
= 
z 
= 
r (fm) 
r < ty : repulsive force 1⁄2 
r > ro: attractive force %2 


Detailed Answer: 


(a) Distinguishing features of nuclear force : 


(b) 


1. These forces are attractive by nature. 


2. The nuclear force is short range force. It means 


thatitexistonly when particles are very-very close 
to each other. In nucleus the separation between 
particles is 10-!5 m or 1 fermi. At this infinitesimal 
small separation, the nuclear force becomes 10 
times stronger than the repulsive electric force 
between the nucleons. In the short range force, 
the force between the particles rapidly decreases. 
Thus the nuclear force only exists in the nucleus. 


3. These forces do not obey inverse square law. 


i Repulsive force 







PE 


Intermolecular separation 


L 


Attractive force 






Zero force 
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Q. 4. (a) Draw a plot showing the variation of potential 


energy of a pair of nucleons as a function of their 
separation. Mark the regions where the nuclear 


force is 
(i) attractive and (ii) repulsive. 
In the nuclear reaction 
1, 235 a 94 1 
oH +32 U—54Xe+, Sr +2on 


determine the values of a and b. 
[CBSE Comptt. 2018] 





Ans. (a) Drawing the plot 1 
Marking the relevant regions E 1⁄4 
(b) Finding values of a and b “ry, 
(a) 
1 
For r > rg, the force is attractive Y, 
For r < ro, the force is repulsive 1⁄2 
(b) We have, 
1 +235 =a +94+2x1 1⁄2 
J a = 236 — 96 = 140 
Also 0 + 92 = 54 + b+ 2 x0 


b = 92 — 54 = 38 1⁄2 
[CBSE Marking Scheme 2018] 
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pee CHAPTER 
Electronic 
Devices 
Syllabus 
> Energy bands in conductors, semiconductors and insulators (qualitative ideas only) 


> Semiconductor diode - I-V characteristics in forward and reverse bias, diode as a rectifier; Special purpose 
p-n junction diodes: LED, photodiode, solar cell. 





Chapter Analysis 


Semiconductor Diodes and 
Applications 2Q 1Q 
(3 marks) (3 marks) 


TOPIC.-1 
Energy Bands 








Revision Notes : 


Energy bands : Jopi 
> In crystal, each electron will have a different energy level with continuous 
N Energy Bands ... P. 311 
energy variation. 
> Energy bands consist of large number of closely spaced energy levels that TOPIC - 2 
exist in crystalline materials. Semiconductor Diodes and 
Applications ... P. 318 


> In solids, there are three important energy bands such as Valence band, 
Conduction band, Forbidden band or forbidden gap. 


Conduction band 


Band energy ————> 


Valence band 


> The collection of energy levels of free electrons which move freely around the material are called as conduction 


band. 
> There is an extra energy required valence electrons to move to conduction band which is known as Forbidden 





energy. 
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> The energy associated with forbidden band is known as energy gap which is measured in electron volt (eV) 
where, 1 eV = 1.6 x 107!’ J. 
> The collections of energy levels which are partially or wholly filled are known as valence band. 
> Materials may be classified as conductors, insulators or semiconductors on the basis of energy band theory. 
Energy bands in Conductors : 
> The overlapping of conduction and valence bands without energy gap forms a conduction band. 


a Overlapping 

"bb Z conduction band 

Q 

E (Eg = 0) 
S| E 

B F rs 

a c Valence 
m band 


In this, an electron that receives any acceptable low energy will be able to move freely among the bands. 
Energy bands in insulators : 
> A material in which conduction band and valence band have large forbidden energy gap. 


 ⁄ Empty | 
Ẹ conduction 
D € band 
“bb 
T 
s E,>3 eV 
= 
© 
¢| PË 
as Valence 
band 


> The gap between conduction band and valence band exceeds by 3 eV as electrons that transfer from valence band 
to conduction band need more energy. 

> Due to requirement of more energy, insulators do not conduct any electric current. 

> Example of an insulator is diamond with energy gap of around 5.4 eV. 

Energy bands in Semiconductors : 

> Semiconductors are materials in which, conduction band and valence band are neither overlapped nor have wide 
gap. 

> Insuch materials, the energy provided by the heat at room temperature is sufficient to lift the electrons from the 
valence band to the conduction band. 





Empty Scan to know 

Pee conduction more about 
E s band this topic 
Š [s] NO) 
5 E,>3 eV E 
Š Opare 
É 
Ea Band Theory of 
= Valence Semiconductor 

band 


> Semiconductors will behave as an insulators at 0 K as no electron exist in conduction band. 

> Examples of semiconductors are Silicon (14) and Germanium (32) having energy gaps as 1.12 eV and 0.75 eV 
respectively. 

> Intrinsic semiconductors : Pure semiconductors are called intrinsic semiconductors. They can not be used in 
electronic circuits as their conductivity is low. 

> For intrinsic semiconductors, the number of free electrons is equal to the number of holes. 


n, = Hy = H; 








Electron energy 
rm — 
gq 


a 
Í 
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> Anintrinsicsemiconductor (a) at T = 0 K behaves like insulator. (b) At T > 0 K forms thermally generated electron 
hole pairs. The filled circles (e) represent electrons and empty circles (o) represent holes. 

> Extrinsic semiconductors : When a small fixed amount of charged impurity is mixed with intrinsic semiconductors 
they become extrinsic. 

> In extrinsic semiconductors : 
(i) Conductivity increases 
(ii) Conductivity is controlled by doping carriers 

> In extrinsic semiconductors, the number of free electrons is not equal to number of holes. 

nN, # Ny, 

> Doping is adding impurities to intrinsic semiconductors crystal lattice so as to increase the number of carriers. 

> For raising electric conductivity, semiconductors are mixed with either pentavalent impurity such as Antimony 
(Sb), Arsenic (As) and Phosphorus (P) or trivalent impurity such as Indium (In), Gallium (Ga) or Boron (B). 

n-type Semiconductors : 

> If Phosphorous with 5 valence-band electrons is added, it will give an extra e which will freely move around and 

leaves a positively charged nucleus. 





Donor core 
|| l || 
Å= a 
| | | | < Unbonded 'free' 
— s — +s — S$ — electron donated 
| | | | | | by pentavalent 
— s — s — s — (+5 valency) atom 


> The crystal will be electrically neutral known as “n-type” material with negative carriers where concentration of 

donor atoms is 10° cm ~ 10” cm? having mobility u„ = 1350 cm?/V 
Energy Diagram of n-Iype Semiconductor : 

> On dopinga semiconductor with pentavalent impurity like Antimony (Sb) or Arsenic (As), extrinsic semiconductor 
so obtained is known as n-type. 

> n-type semiconductor has large number of free electrons known as majority (charge) carriers and small number 
of holes known as minority (charge) carriers. 

H, >> nj, 

> Impurity atom in n-type semiconductor is called donor which generates new energy level below the conduction 

band, known as Ep 







Free’ electro! CB 
© S 


25- E, Donor level 











Energy 


Fixed dopant 








Electron energy 
i | | 





ee ee Energy bands for n-type semiconductor at T > 0 K 


p-type Semiconductors : 


> If Boron atom with 3 valence band electrons is added, it will accepts e` and give extra holes (h?) to move freely 


which leaves behind negatively charged nucleus. 





| u l Acceptor core 
— s s 

|| |< na 
a s 

l H ! 
— = ss 
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> The crystal is electrically neutral known as “p-type” silicon in which concentration of acceptor atoms ~10” cm- 
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3 


where hole movement needs breaking of bond thereby giving low mobility, where, u, = 500 cm?/V 


Energy Band Diagram of p-Iype Semiconductor 


> On doping a semiconductor with trivalent impurity like Indium (In) or Gallium (Ga), extrinsic semiconductor so 


> 


v v v V 


4 


obtained is known as p-type. 


p-type semiconductor has large number of holes known as majority (charge) carriers where number of free 


electrons is less known as minority (charge) carriers. 


ny >> Ne 


Impurity atom in p-type semiconductor is known as acceptor atom. 


In p-type, extra holes in band gap allow excitation of valence band electrons which leaves mobile holes in valence 


band. 


Large number of holes in covalent bond is created in crystal with trivalent impurity. 


In extrinsic semiconductors n, # n, but nnp = n2 






= 0.01 to 
0.05 eV 


p-semiconductor 


A 
—— ~0.01 to 0.05 eV 


Energy bands for 10-type semiconductor at T > 0 K 


Energy band : Range of energies which an electron may possess in an atom. 


Valence Band : Range of energy levels possessed by valence electrons. 


Conduction Band : Range of energy levels possessed by electrons. 
Forbidden Band : Energy band in between the conduction band and valence band. 





f} Objective Type Questions (1 mark each) 
I) MULTIPLE CHOICE QUESTIONS 
A OaS | O) Epe < (Epee > (Ey) 
Q. 1. In an n-type silicon, which of the following 
statement is true : (c) (E) > (E; )si > (Ez ee. 
(a) Electrons are majority carriers and trivalent (d) (E,)c=(E,)s: = (E, ce: [NCERT Exemplar] 


Ans. 


atoms are the dopants. 
(b) Electrons are minority carriers and pentavalent 
atoms are the dopants. 
(c) Holes are minority carriers and pentavalent 
atoms are the dopants. 
(d) Holes are majority carriers and trivalent atoms 
are the dopants. [NCERT Exemplar] 
Correct option : (c) 
Explanation : In an n-type silicon, the holes are 
the minority carriers. An n-type semiconductor 
is obtained when pentavalent atoms, such as 
phosphorus, are doped in silicon atoms. 


. Carbon, silicon and germanium have four valence 


electrons each. These are characterised by valence 
and conduction bands separated by energy band 
gap respectively equal to (E,).,(E,),and(E,),. 


Which of the following statements is true? 


(a) (E;)si <(Eg doe <(Eg de , 


Ans. 


Ans. 


Q. 4. 


Correct option : (c) 

Explanation: Above mentioned three given 
elements, the energy band gap of carbon is the 
maximum and that of germanium is the least. The 
energy band gaps of these elements are related as : 


(E; )c >(E,)s > (Ey ce 


. When a forward bias is applied to a p-n junction, it 


(a) raises the potential barrier. 

(b) reduces the majority carrier current to zero. 
(c) lower the potential barrier. 
(d) None of the above. 

Correct option : (c) 
Explanation : When a forward bias is applied to a 
p-n junction, it lowers the value of potential barrier. 
In the case of a forward bias, the potential barrier 
opposes the applied voltage. Hence, the potential 
barrier across the junction gets reduced. 


[NCERT Exemplar] 


In Figure, V, is the potential barrier across a p-n 
junction, when no battery is connected across the 
junction : 
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| ; 


V, 


| 


(a) 1 and 3 both correspond to forward bias of 
Junction. 

(b) 3 corresponds to forward bias of junction and 1 
corresponds to reverse bias of junction. 

(c) 1correspondsto forward bias and 3 corresponds 
to reverse bias of junction. 

(d) 3 and 1 both correspond to reverse bias of 
junction. [NCERT Exemplar] 


Ans. Correct option : (b) 


Explanation : when p-n junction is in forward bias, 
it compresses or decreases the depletion layer so 
potential barrier in forward bias decreases and 
in reverse layer the potential barrier in forward 
bias decrease and in reverse bias potential barrier 
increases. 


. Hole is: 


(a) an anti-particle of electron. 
(b) a vacancy created when an electron leaves a 
covalent bond. 
(c) absence of free electrons. 
(d) an artificially created particle. 
[NCERT Exemplar] 


Ans. Correct option : (b) 


Ans. 


Explanation : Atoms of semiconductor are bound 
by covalent bonds between the atoms of same or 
different type. Due to thermal agitation, when an 
electron leaves its position and become free, then 
it leaves a vacancy of electron, this vacancy in the 
bond (covalent) is called hole. 


. The output of the given circuit in Figure : 


A 


Vm sin ot 


(a) would be zero at all times. 

(b) would be like a half wave rectifier with positive 
cycles in output. 

(c) would be like a half wave rectifier with 
negative cycles in output. 

(d) would be like that of a full wave rectifier. 

[NCERT Exemplar] 

Correct option : (c) 

Explanation : When positive cycle is at A, diode will 

be in forward bias and resistance due to diode is 


Q.7. 


[ 315 


approximately zero so potential across diode will 
be about zero. 


Similarly, when there is negative half cycle at A, 
diode will be in reverse bias and resistance will be 
maximum, so potential difference across diode is 
V „sinot with negative at A. So, we get only negative 
output at A so it behaves like a half wave rectifier 
with negative cycle at A in output. 

In the circuit shown in Figure, if the diode forward 
voltage drop is 0.3V, the voltage difference 
between A and B is 





(a) 1.3 V (b) 2.3 V 
(c) OV (d) 0.5 V 
[NCERT Exemplar] 


Ans. Correct option : (b) 


Explanation : In the middle right of the circuit the 
capacitor behaves like an open circuit for a DC of 
0.2 mA. So, current will flow from A to B only. Let 
potential across A and B is V, so by 


Kirchhoff's loop law, 
Vap = (5000 x 0.2 x 107%) + 0.3 + (5000 x 0.2 x 
107°) 
V= 1V +03V+1V 
Vag = 2.3 V 
. A pure semiconductor behaves like an insulator at 


0° K because : 


(a) There is no recombination of electrons with 
holes. 


(b) Drift velocity of free electrons is very small. 


(c) Free electrons are not available for current 
conduction. 


(d) Energy possessed by electrons at that low 
temperature is almost zero. 


Ans. Correct option : (c) 


Explanation : The main cause for the conduction of 
any semiconductor is the number of free electrons 
in it. The free electrons has the kinetic energy which 
depends upon the temperature. As the temperature 
is 0 K, the kinetic energy will be zero and the free 
electrons are not available for conduction. 


. The energy gap is much more in silicon than in 


germanium because, 
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(a) It has less number of electrons 
(b) It has high atomic mass number 


(c) Its crystal has much stronger bonds called ionic 
bonds 

(d) Its valence electrons are more tightly bound to 
their parent nuclei 


Ans. Correct option : (d) [RI 


Explanation : The behaviour of semiconductor 
depends upon the extent of the energy gap 
between the valence band ad conduction band. 
Thus, the valence electrons are quite tightly bound 
to the parent nuclei in case of Silicon as compared 
to Germanium. 


(ID FILL IN THE BLANKS 
Q. 1. Intrinsic semiconductor at room temperature will 
have,................. available for conduction. [R] 


Ans. electrons and holes. 


Q.2. A semiconductor has generally .................. 
valence electrons. 

Ans. 4. 

Q.3. When a pure semiconductor is heated, its resist- 
ance.............. ; [RI 


Ans. decreases. 


À Short Answer Type Questions 


Q. 1. Write two points of difference between intrinsic 
and extrinsic semiconductors. [Foreign 2017] 

OR 
Distinguish between ‘intrinsic’ and ‘extrinsic’ 
semiconductors. [Delhi I, I, HI 2015] 
Ans. Any two differences 1+1 


(i) Pure semiconductor. | (i) Doped or impure 


Cn a 


(iii) Low conductivity at | (iii) Higher conduc- 
room temperature. tivity at room tem- 
perature. 


(iv) Conductiv- 
ity does not depend 
significantly on tem- 
perature. 


[CBSE Marking Scheme 2017] 






(iv) 


Conductivity de- 
pends on temperature. 
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(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. How does semiconductor behave in the presence 
of impurities? 

Ans. When the temperature is raised or when an impu- 
rity is added, the conductivity increases. As we know 
that conductivity is inversely proportional to tem- 
perature, so the semiconductor does not behave like 
insulators when an impurity atom is added to it. 


Q. 2. Will the presence of an intermediate band 
actually increase the fermi level or conventional 
semiconductor gap of that material? 


Ans. The important requisites of an intermediate band 
is that it is not electronically coupled to the other 
bands, this means that one cannot have a single 
Fermi level. Instead, there should be the formation 
of three separated quasi-Fermi levels within the 
three bands i.e. conduction band, valence band 
and intermediate band. 


Q. 3. Is ohm’s law obeyed for semiconductors? [R] 


Ans. In case of semiconductors, Ohm's law is obeyed for 
low electric fields i.e E less than 106 V/m. If the field 
is increased above this value, the current becomes 
independent of the voltage applied. 


(2 marks each) 


Q. 2. Draw energy band diagrams of n-type and p-type 
semiconductors at temperature T > 0 K. Mark 
the donor and acceptor energy levels with their 


energies. [Foreign I 2014] 


Ans. Energy bands of Energy bands of 


n-type at T > 0 K p-type at T > 0 K 











A 
=0.01 to 0.05 eV 











Electron energy 
a p 
L 








[CBSE Marking Scheme 2014] 1 + 1 


Commonly Made Error 


e Many students couldn't draw these diagrams correctly. 


Answering Tip 


e Understand the difference between the band diagrams of n-type and p-type semiconductors for better results. 





Q.3. Draw energy band diagram of p & n type semiconductors. Also write two differences between p and n type 


semiconductors. 
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Ans. 
1. Density of holes >> density of electron 1. Density of electron >> density of holes 1 
2. Formed by doping trivalent impurity 2. Formed by doping pentavalent impurity 


Energy band diagram for p-type Energy band diagram of n-type semiconductor 


$ CB foaaaaooo0aaa 

Eg À Donor 
cceptor Eg 

1 energy 

= Q: = Me =Q O —O— — energy 


Level level 





1 
(Any two) 
À Long Answer Type Questions-l (3 marks each) 


Q. 2. Write any two distinguishing features between conductors, semiconductors and insulators on the basis of 
energy band diagrams. [Foreign 2014; OD I, II, ITI 2014] 


Ans. Conduction Band Empty ` 
conduction 


Overlap of bands 





© band 
Valence Band bD 
O 
s E,>3eV 
4 €: 
= O 
» E. sP E, 
= = Valence 
m 
i E,<3eV bind 
z E 
5 : (b) 
= 
zz, 
(c) 
(a) metals, (b) insulators and (c) semiconductors (4 each) 


Two distinguishing features : 
(i) In conductors, the valence band and conduction band tend to overlap (or nearly overlap), while in insulators 
they are separated by a large energy gap and in semiconductors they are separated by a small energy gap. 1 
(ii) The conduction band of a conductor, has a large number of electrons available for electrical conduction. 
However, the conduction band of insulators is almost empty while that of the semi-conductor has only a (very) 
small number of such electrons available for electrical conduction. [CBSE Marking Scheme 2014] 1⁄2 


OR 


Materials in which there is large | Materials in which there is no | Materials in which there is a very 
energy difference between valence and | difference of energy among valence | small energy difference between 
conduction band. and conduction band, as these bands | valence and conduction bands. 

get overlapped. 


Forbidden gap is very large between | There is no forbidden gap between | Forbidden gap between valence 


valence and conduction band, due to | valence and conduction band. band and conduction band is very 
which it will not conduct electricity. small. 


Conduction band is empty and electrons | Electrons jump from valence band to | Electrons in this can easily jump by 
in valence band acquires large amount of | conduction band. getting small amount of energy. 
energy to jump in conduction band and 

become free. 
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Overlapping 


conduction band 


(Eg = 0) 


 ⁄ Empty 
conduction 


band Conduction band E; 


E,<3eV 
Es>3eV 


Valence 
band 


N 
Ù 
bb 
= 
O 
8 
D 
€ 
° 
5 
Q 
L 
jsa! 


Ey 


Electron energies 


Valence band 


(c) 





Å Long Answer Type Questions - Il (5 marks each) 


(ii) When the semiconductor is doped with an 
. : acceptor impurity there is an additional energy 

semiconductor, (b) insulator. level which is little above the top of the valence 
(ii) How does the energy band, for pure semiconductor band. Also, electrons from the valence band, easily 
jump over to the acceptor level, leaving ‘holes’ 
behind, so ‘holes’ become the majority charge 
with (a) acceptor impurity (b) donor impurity ? carriers. 1% 


Q. 1. (i) Draw “Energy bands’, diagrams for (a) pure 


get affected when this semiconductor is doped 


(iii) Hence discuss why the ‘holes, and the ‘electrons’ (iii) The donor impurity results in an additional 
energy level which is little below the bottom of 


respectively, become the ‘majority charge carriers’ : 
P y, jony Š the conduction band. Electrons from donor level, 


in these two cases ? [Foreign, 2016] easily ‘jump over’ to the conduction band. Hence, 
Ans. (i) Try yourself, Similar to Q. 1, Long Answer Type electrons become the majority charge carriers. 
Questions-I. 2 1⁄2 


[CBSE Marking Scheme, 2016] 


TOPIC-2 


Semiconductor Diodes and Applications 





Revision Notes 


Diode 
> Diode is an electronic device consisting of a junction of semiconductors p-type and n-type. It is represented as : 


P n 


Semiconductor diode 


> Semiconductor diodes were first semiconductor electronic devices which is common type of diode that is made 
of crystalline piece of semiconductor material with p—n junction across its terminals. 


N 
++ 


L Depletion region 


O Cathode 


++ + + 


> When a p-type semiconductor material is suitably joined to z-type semiconductor, the contact surface is called a 
p-n Junction. 

> Itisan electrical device that allows current only in one direction The direction of arrow is the direction of current 
when it is forward biased. 

> At junction, electrons and holes diffuse to form the diffusion current. 

> A p-n junction layer is also called the depletion layer. Potential barrier is created at junction due to diffusion 
current. It acts as a barrier for majority carriers. 

> The potential barrier helps the minority carriers to flow. A drift current is formed which is opposite in direction 
of the diffusion current. 
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> Under equilibrium condition, diffusion current is equal to the drift current and net current is zero as both are in 
opposite direction. 


There are many types of semiconductor diodes such as : 
Avalanche diodes, Gunn diodes, light emitting diodes (LED), Photodiodes etc. 
> Semiconductor diode can be made either from Silicon or Germanium and each differs in size and properties. 
Forward Bias 


> When an external voltage is applied, where negative terminal of battery is connected to n side while positive 
terminal of battery is connected to p side, the barrier potential will get reduced and more current can flow across 
the junction that decreases the p-n Junction width. 


Cathode —£ — Anode 
N p 








---------- E ++++++++++ 
—--------- I ++++++++++ 
—---------- Ht Ht tH tHe 
nen jIL+++++++++ 
s a ++++++++++ 











Current R 


> The positive terminal of battery repels majority carriers, holes in p-region while negative terminal repels electrons 
in n-region which pushes them towards the junction. 
> Here, an increase in concentration of charge carriers near the junction is observed, where recombination takes 
place thereby reducing width of depletion region. 
L (mA) 


OL 05 y 07 v F V) 


> Due to rise in forward bias voltage, depletion region will continue to reduce its width which results in more and 
more recombination process. 


Reverse Bias 
> If an external voltage is applied in reverse direction where positive terminal of battery is connected to n side 


while negative terminal of battery is connected to p side, then barrier potential will increase and minority charge 
carriers will flow across junction. 


Cathode—+q—-Anode 








++++++++ 
------ ++++++++ 
yq sr am ++++++++ 


R 
> In this, the current will be quite small and is independent of external voltage. 


> Beyond certain voltage, diode will break down with Avalanche breakdown mechanism or Zener breakdown 
mechanism. 


> Here, negative terminal of battery will attract majority carriers, holes in p-region and positive terminal attracts 
electrons in n-region which pulls them away from the junction. 


> Asa result of this, there will be decrease in concentration of charge carriers near junction which increases the 
width of depletion region. 


Reverse 
Voltage (V) 
<1{—— 


-10 -8 -6 4 -2 0 






breakdown 
voltage 


Reverse (uA) 


Current 
< 


on A N O 


D 
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> A small amount of current flows due to minority carriers known as reverse bias current or leakage current and 


with rise in reverse bias voltage, depletion region continues to increase in width without any increase in flow of 
current. 


I-V Characteristics of Diode 

> In I-V characteristics of diode, on voltage axis, “Reverse Bias” is an external voltage potential that increases the 
potential barrier while external voltage that decreases the potential barrier is in “Forward Bias” direction. 

+I (mA) 









Forward 
Current 


4 
Conventional Current Flow Forward 







Reverse 
Breakdown 
Voltage 


"knee" 
| 







-V 


Reverse Voltage Forward Voltage 








| 
-500 uA | 


"Zener" Germanium 10.3 V Germanium 
Breakdown -20 mA Silicon 0.7 V Silicon 
or Avalanche Reverse 
Breakdown Region | Bias 
—I(yA) Reverse 
Current 


> Biasing of Diode can be Forward Biasing or Reverse Biasing. 
Diode as rectifier 


> Rectifier is a circuit which converts AC supply into unidirectional DC supply. 


Vie Vour 
_p | Rectifies | > 


> With rectification, alternating current (AC) gets converted to direct current (DC). 


> The bridge rectifier circuits uses semiconductor diode for converting AC as it allows the current to flow in one 
direction only. 


Half wave rectification 





Transformer 


> The half-wave rectifier with single diode, allows current to flow in one direction. 


Here, AC power source V, is connected to primary side of transformer while secondary terminals of transformer 
are connected to diode and resistor in series. 


> If V sin positive cycle, a positive voltage is produced on secondary side of transformer. 


> The positive voltage will be forward biased the diode and diode will start passing the current as a result, the 
voltage will drop across the load. 


> If V. is in negative cycle, then secondary side will have negative voltage where diode is reverse biased and will 
not pass any current. 


> Voltage waveform across load resistor is shown below, where positive side of sinusoidal cycle is present while 
negative side sinusoidal cycle has been clamped off. 
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> The output voltage V}. is similar to the output of battery which is always positive. 
> The positive waveform is bumpy as single diode is applied to produce half wave rectification where one half of 
AC wave is removed that will not pass through the diode. 
Full wave rectification 


> Forrectifying AC power for using both half cycles of sine wave, full wave rectification is used. 







AC 
voltage 
source 





Output Wavetorm 


> Asimple kind of full wave rectifier uses centre tap transformers with two diodes. 

> In full wave rectification, in first half-cycle, when source voltage polarity is positive (+) on top and negative (-) on 
bottom, then only top diode will conduct while bottom diode blocks the current. When source voltage polarity is 
negative (—) on top and positive (+) on bottom then only bottom diode will conduct while the top diode blocks 
the current. 

Special purpose p-n junction diodes 
Apart from simple p-n junction diodes, there are many more types of diodes which are used in various specific 
applications that take advantage of the behaviour and features. 
hv 


/ 
Anode D | Cathode Anode 4 | Cathode Anode A Cathode 
Light-emitting diode Photo diode 
Anode Ë | ' Cathode Anode p | Cathode 
Schottky diode Zener diode 
LED 
> Light Emitting Diode or LED is most widely used semiconductor diodes among all available types of semiconductor 
diodes. 


> It emits visible light or invisible infrared light when forward biased. 

> The LEDs which emit invisible infrared light are used for remote controls. 

> In this, diode in forward biased will make electrons and holes to move fast across the junction and helps in 

combining constantly by removing one another. 
> Electrons which move from n-type to p-type silicon will combine with holes and give energy in the form of light. 
Emitted photons 
or 
i nen 

Recombination e 
of free oe "i z M / 
and holes 


Holes > 


Free electrons 








E elation 
region 


> Recombination of electrons and holes in depletion region decreases the width of the region which allows more 
charge carriers to cross the p-n junction. 


> Here, some of the charge carriers from p-side and n-side will cross the p-n junction before they recombine in 
depletion region. 
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= 
on 

I 

I 

I 

I 

I 

I 

I 


-10V 
; V (Volt) 





I-V characteristics 


Photodiode 
> Photodiode is a transducer which takes light energy and converts it to electrical energy. 


di 


> Itis a p-n junction which consumes light energy to generate electric current. 


// 


Anode Cathode 





> Itis referred to as photo-detector, photo-sensor or light detector. 

> It is specially designed to operate in reverse bias condition where p-side is connected to negative terminal of 
battery and n-side connected to positive terminal of battery. 

> Itissensitive to light as when light or photons fall on it, it easily converts light into electric current. 

> In photodiode circuit, current flows from the cathode to anode when exposed to light. 

> Photodiode is capable of converting light energy to electrical energy and can be expressed as a percentage known 


as Quantum Efficiency (Q.E.). 
mA 


Reverse bias 


— 





p — = 
mW N 
g= 


I,>L,>L>L 
I-V characteristics 


Solar cell 
> Solar cell is an electronic device which absorbs sunlight and generates emf. 
> In this, there are n-type silicon and p-type silicon layers that generates electricity using sunlight so that the 
electrons can jump across the junction between different types of silicon material. 


n—type 20 7 
| aö Š 
= 
p-type o Es 
—— 


> When sunlight falls on solar cell, photons bombard the upper surface and generates electron-hole pairs. 
> They get separated due to voltage barrier at junction, electrons are swept to n side & holes are swept to p-side. 
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> Metal contacts hold these electron-hole pairs. Thus p side becomes positive and n side becomes negative and 


hence it act as photo voltage cell. 
I 





Open circuit 
voltage(Voc) 


Short circuit current 


I-V characteristics 


A Objective Type Questions 


(1 mark each) 





(D MULTIPLE CHOICE QUESTIONS 
Q. 1. In Figure, assuming the diodes to be ideal, 


Ai X 
-10V 


D, 


B 


(a) D, is forward biased and D, is reverse biased 
and hence current flows from A to B 


(b) D, is forward biased and D, is reverse biased 
and hence no current flows from B to A and 
vice versa. 


(c) D, and D, are both forward biased and hence 
current flows from A to B. 


(d) D, and D, are both reverse biased and hence no 
current flows from A to B and vice versa. 
[NCERT Exemplar] 
Ans. Correct option : (b) 


Explanation : In circuit, A is at —10 V and Bis at 0 V. 
So, B is positive than A. Thus, D, is in forward bias 
and D, is in reverse bias and no current flows from 
A to B or B to A. 


Q. 2. In the given circuit, the potential difference 
between the A and B is 


10kQ A 
30V 10kQ 10kQ 
B 
(a) 0 (b) 5 volt 
(c) 10 volt (d) 15 volt 


Ans. Correct option : (c) 


Explanation : Here p-n junction is forward biased. If 
p-n junction is Here p-n junction is forward biased. 
If p-n junction is ideal, its resistance is zero. The 
effective resistance across A and B 


_ 10x10 
10+10 


= 5 k() 
Current in the circuit 


fee 
(10+ 5)x10° 





“. Current in each arm = 


e ein 
Ww 


Potential difference across A and B 


2e x10x10° 
10 
= JO V 
(IDFILL IN THE BLANKS 


Q. 1. The barrier potential of a p-n junction diode does 
not depend upon .............. 


Ans. temperature/doping density/ forward biasing. 


Q. 2. In case Of ...................... , the current flows from the 
cathode to anode when exposed to light. [R] 
Ans. photodiode. 
(III) VERY SHORT ANSWER TYPE QUESTIONS 


Q. 1. Name the junction diode whose I-V characteristics 
are drawn below : 
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[R] [Delhi I,II,III 2017; NCERT Exemplar] 


Ans. Solar cell 1 
[CBSE Marking Scheme, 2017] 


Detailed Answer : 


Open circuit voltage 
y %2 


Voc 





Short circuit current 


The V-I Characteristics curve shown is of Solar 
cell which is a junction diode , that converts light 
energy into electrical energy. Here, photons with 
energy more than band gap energy gets incident 
on the junction creating the electron-hole pairs that 
moves in opposite directions thus producing photo- 


voltage. 1⁄2 
Q. 2. Write the two processes involved in the formation 
of p-n junction. [R| [Foreign 2016] 
Ans. (i) Diffusion 1⁄2 
(ii) Drift Vy 


[CBSE Marking Scheme, 2016] 


Q. 3. The graph shown in the figure represents a plot of 
current versus voltage for a given semiconductor. 
Identify the region, if any, over which the 
semiconductor has a negative resistance. 


[OD L IL, III 2013] 
B 
É: 
O 
2 
D 
O A 
C 
Voltage (V) 
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Ans. The resistance of a material can be found by the 
slope of the curve V vs. I. Part BC of the curve 
shows the negative resistance as with the increase 
in voltage current decreases. 1 


[CBSE Marking Scheme, 2013] 


Detailed Answer: 


It is known that negative resistance is a property 
of an electrical circuits/devices where an increase 
in voltage across the device terminals results in 
decrease in electric current. From the graph, it 
is observed that region BC experiences negative 
resistance. 1 


. Find the value of current through the resistor R of 
the circuits (i) and (ii) when similar diodes D} and 
D, are connected as shown in figure. 


D; D, D; D, 
2V 20Q 2V 209 


Ans. In figure (i), the diode D, and D, are forward biased 
pa oA 
R 20 


In figure (ü), D} is forward biased but D, is reverse 
biased due to which D, and D, offers infinite 
resistance 
n I= 0 
Q. 5. From the information of energy band gaps of 
diodes, how do you decide which is light emitting 
diodes? 
[CBSE SQP 2019-20] 
Ans. Diodes with band gap energy in the visible 
spectrum range can function as LED 
Q. 6. Give any one advantage of LEDs over conventional 
incandescent low power lamps. 
[CBSE SQP 2019-20] 


Ans LEDs emit more lumens per watt than incandescent 
light bulbs. The efficiency of LED lighting fixtures 
is not affected by shape and size, unlike fluorescent 
light bulbs or tubes. 
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À Short Answer Type Questions (2 marks each) 
Q. 1. Explain with the help of a circuit diagram, the Ps 3) 
working of a p-n junction diode as a half-wave 
rectifier. [OD L II, HI 2014] 
Ans. 


Transformer A x 
Ë 





10V 


Ans. In the circuit, if D, is open and D, is short then 


equivalent circuit will result as : 
Working : During one half of the input a.c., the 30 


diode is forward biased and a current flows 
through Rz. 1 
During the other half of the input a.c., the diode is 
reverse biased and no current flows through the Ya 
load R}. 1⁄2 
Hence, the given ac input is rectified. Vy 


2.5Q 
[CBSE Marking Scheme, 2014] 10V 
D, is reverse biased 


Q. 2. Assuming that the two diodes D, and D, used in . D, conducts 





the electric circuit shown in the figure are ideal, 3Q 
find out the value of the current flowing through 
2.5 Q resistor. 
[Delhi Compitt. I, II, III 2013] 2 
10 10 
š = os 65. L 


Q. 3. A student wants to use two p-n junction diodes to convert alternating current into direct current. Draw the 


labelled circuit diagram she would use and explain how it works. [Delhi 2018] 
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[Topper’s Answer 2018] 

Q. 4. Energy gap in a p — n photodiode is 2.8 eV. It can —2 06 eV 

detect a wavelength of 6000 nm? Justify your I 

answer. As E < E, (2.8eV), so photodiode cannot detect this 

-34 8 hoton. 
Ans. Energy of photon pale _ 6.62 x10" x3x10 F 
À 6000x10° x1.6x10 

ñ Long Answer Type Questions-l (3 marks each) 
Q.1. (i) In the following diagram, the junction diode is ter ow 

forward biased or reverse biased ? To 


[OD I, H, HI 2017] (ii) Draw the circuit diagram of a full wave rectifier 


and state how it works. 
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Ans. (i) The nature of biasing 1 
(ii) Diagram of full wave rectifier 1 
Working 
(i) Reverse Biased 1 
(ii) Diagram of full wave rectifier : 
Centre-Tap 
pores pop 
'Centre A 
Ta 
o R; Output 


Diode 2 (D>) 


Working : The diode D, is forward biased during 
one half cycle and current flows through the 
resistor, but diode D, is reverse biased and hence 
no current flows through it. During the other 
half of the signal, D, gets reverse biased and no 
current passes through it, D, gets forward biased 
and current flows through it. In both half cycles, 
the current through the resistor, flows in the same 
direction. 1 
(Note : If the student just draws the following 
graphs (but does not draw the circuit diagram), 
award 1⁄2 mark only.) 





Jutput waveform Waveform at B Waveform at A 
(across R,) 





1 
[CBSE Marking Scheme, 2017] 


Detailed Answer : 


(i) The diode shown in diagram is reverse biased as in 
case of reverse bias p junction is connected to -ve of 
battery and n junction with positive which causes 
effective barrier voltage enhancement Vg + V with 


high resistance. 1 
Q. 2. (i) In the following diagram, which bulb out of B, 
and B, will glow and why ? 
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(ii) Draw a diagram of an illuminated p-n junction 
solar cell. 
(iii) Explain briefly the three processes due to which 
generation of emf takes place in a solar cell. 
[O.D. II 2017] 





Ans. (i) Identification of the bulb and reason !1⁄ + % 
(ii) Diagram of solar cell 1⁄2 
(iii) Names of the processes 1⁄, + 1⁄2 + 1⁄2 
(i) Bulb B, glows 1⁄2 
Diode D, is forward biased 1⁄2 

(ii) Diagram : 

R, 
Depletion 

layer 1⁄2 
(iii) Generation : Incident light generates electron- 
hole pairs. 1⁄2 
Separation : Electric field of the depletion layer 
separates the electrons and holes. 1⁄2 
Collection : Electrons and holes are collected at 
the n and p side contacts. 1⁄4 


[CBSE Marking Scheme, 2017] 


Commonly Made Errors 


e Some common errors made by students are : 
(i) A.C. input voltages at A & B are not shown. 
(ii) Complete circuit was not drawn. 

(iii) Resistor in o/p circuit (Ri) was not shown. 
(iv) The circuit was not labelled. 


Answering Tip 


e The circuit diagram of all the diodes should be 
revised carefully and all the components should be 
included. 





Q. 3. (i) In the following diagram ‘S’ is a semiconductor. 
Would you increase or decrease the value of R to 
keep the reading of the ammeter A constant when 


S is heated ? Give reason for your answer. 





(ii) Draw the circuit diagram of a photodiode and 
explain its working. Draw its I/V characteristics. 
[OD III 2017] 
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Ans. (i) Correct Choice of R 1⁄2 
Reason 1⁄2 
(ii) Circuit Diagram 1 
Working 2 
I-V characteristics 1⁄2 
(i) R would be increased. 1⁄2 
Resistance of S (a semiconductor) decreases on 
heating. 1⁄4 

(ii) Photodiode diagram 





en ee 
n -side 


p -side 


R. 
1 


When the photodiode is illuminated with light 
(photons) (with energy (hv) greater than the energy 
gap (E, of the semiconductor), then electron- 
hole pairs are generated due to the absorption of 
photons. Due to junction field, electrons and holes 
are separated before they recombine. Electrons are 
collected on n-side and holes are collected on p-side 
giving rise to an emf. 1⁄2 
When an external load is connected, current flows. 


I-V Characteristics of the diode: 


I (mA) 





1⁄4 





Reverse bias 


volts 
° ¢ 
lh o S 
l ° 5 
I ~“ U 
3 





[CBSE Marking Scheme, 2017] 


Q. 4. Explain briefly with the help of necessary 


curves in the two cases. 


diagrams, the forward and the reverse biasing of 
a p-n junction diode. Also draw their characteristic 


[Delhi III 2017] 


Ans. Circuit diagrams of p-n Junction under forward 


bias and reverse bias wA+"% 
Explanation of p-n junction working for forward 
and reverse bias A+" 
Characteristic curves for the two cases 1,+1⁄ 





p-n junction diode 


€ — 
Conventional Current Flow 


Reverse Voltage 


Voltmeter (V) Voltmeter (V) 












p-n junction diode 


Micro meter 
(mA) Switch (UA) 


milli ammeter 


Switch 


At 
In forward bias, applied voltage does not support 
potential barrier. As a result, the depletion layer 
width decreases and barrier height is reduced. 
Due to the applied voltage, electrons from n 
side cross the depletion region and reach p side. 
Similarly holes from p side cross the junction and 
reach the n side. The motion of charge carriers, 
on either side, give rise to current. In reverse bias, 
applied voltage support potential barrier. As a 
result, barrier height is increased, depletion layer 
widens. This suppresses the flow of electrons from 
n — p and holes from p > n, thereby decrease the 
diffusion current. The electric field direction of 
the junction is such that if electrons on p side or 
holes on n side in their random motion come close 
to the junction, they will be swept to its majority 
zone. This drift of carriers give rise to the current 


called reverse current. 1 
+I (mA) 





Forward 
Current 







Reverse 
Breakdown 
Voltage 











Forward Voltage 











—500 uA I ; 
"Zener" Germanium 10.3 V Germanium 
Breakdown —20 mA Silicon 0.7 V Silicon 
or Avalanche Reverse 
Breakdown Region | Bias 
—I(u A) Reverse 
Current 1 


[CBSE Marking Scheme, 2017] 


Q.5. Explain the two processes involved in the 
formation of a p-n junction diode. Hence define 
the term ‘barrier potential’. 


[Delhi I, II, III Comptt. 2017] 


Ans. Explanation of two processes 1+1 


Definition of barrier potential 1 
Diffusion : It is the process of movement of 
majority charge carriers from their majority zone 
(i.e., electrons from n — p and holes from p Ə n) 
due to the electric field developed at the junction. 

1 
Drift : Process of movement of minority charge 
carriers (i.e., holes from n — p and electrons from 
p — n) due to the electric field developed at the 
junction. 1 
Barrier potential : The loss of electrons from the 
n-region and gain of electrons by p-region causes a 
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difference of potential across the junction, whose 
polarity is such as to oppose and then stop the 
further flow of charge carriers. This (stopping) 
potential is called Barrier potential. 1 


[CBSE Marking Scheme, 2017] 


Q. 6. State the reason, why the photodiode is always 
operated under reverse bias. Write the working 
principle of operation of a photodiode. The 
semiconducting material used to fabricate a 
photodiode, has an energy gap of 1.2 eV. Using 
calculations, show whether it can detect light of 
wavelength of 400 nm incident on it. 


(U| [OD II Comptt., 2017] 
Ans. Reason for using in reverse bias 1 
Working Principle 1 
Whether it can detect 1 


The fractional change, due to photo effects, on the 
minority charge carrier dominates reverse bias 
current, which is much more than the fractional 
change in the forward bias current and can be 
easily detected Hence, photodiode is used in 
reverse bias. 1 
Working principle of photodiode : 

i. Generation of e-h pairs due to light close to 


junction. 1⁄2 
ii. Separation of electrons and holes due to electric 
field of the depletion region. 1⁄4 
Detection is possible if E, > E, 1⁄2 

hc 

E, = —J 
ater 
en 


6.63x10* x3x10° 
1.6x10” x400x10° 


=o LeV(51)) Jz 
It can detect this light. 
[CBSE Marking Scheme, 2017] 


Q. 7. Draw the I-V characteristic of an LED. State two 
advantages of LED lamps over conventional 
incandescent lamps. Write the factor which 
controls (a) wavelength of light emitted, 
(b) intensity of light emitted by an LED. 

[OD III Comptt. 2017] 


Ans. I-V characteristics 1 
Two advantages 1 
Factors 1 


Forward current I (mA) 





OR 

100 

80 

60 

40 

20 
0204060810 V 1 

Advantages (any two) 
(i) Low operational voltage. 

(ii) Less power consumption. 1⁄2 
(iii) Long life 1⁄2 
(iv) Ruggedness [or any other] 


(a) Energy band gap controls the wavelength of light 


emitted. 1, 


(b) Forward current controls the intensity of emitted 


light. 1⁄2 
[CBSE Marking Scheme, 2017] 


Detailed Answer: 
(i) Characteristics of LED 


For ward ioe 
= 4 < SOME 

50 
40 
30 
| eee a 2 ee" p——— 
10 14 
0 Ve 

l 2 3 4 3 


Typical LED Characteristics 


Semiconduc- V,@ 20 
f 
oe Material Wavelength Colour = 


GaAs  |850- 940 nm 1.2 12V | 


1 


(ii) Advantages : 





(a) LEDs provide instantaneous turn ON and have no 
issues with frequent switching. 


(b LEDs consume less power and can operate 
effectively on low-voltage electrical systems. 


(c) LEDs are able to operate at virtually any percentage 
of their rated power (0 to 100%). 


www.jeeneetadda.in 


330 | Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


(d) LEDs have good Colour Rendering Index (CRI). 1 light emitted by LED is inversely proportional to 
(iii) Factors : forbidden energy gap. 1 
(a) Wavelength of light emitted by LED depends on 
forbidden energy gap of semiconductor material 
which is used for making LED. The wavelength of 


(b) Forward current increases as intensity of light 
increases that reaches to maximum value which on 
further increase in forward current, it will lead to 
decrease in light intensity. 


Q. 8. With what considerations in view, a photodiode is fabricated ? State its working with the help of a suitable 


diagram. 

Even though the current in the forward bias is known to be more than in the reverse bias, yet the photodiode 

works in reverse bias. What is reason ? [Ul [Delhi I, II, III 2015] 
Ans. It is fabricated with a transparent window to allow light to fall on diode. 1% 


When the photodiode is illuminated with photons of energy (hv > E.) greater than the energy gap of the 
semiconductor, electron hole pairs are generated. These get separated due to the junction electric field (before 
they recombine) which produce an emf. 1 


— — 
p —side n -side 1 


R. 





Reason : It is easier to observe the change in the current, with change in light intensity, if a reverse bias is applied. 
Alternatively, 
The fractional change in the minority carrier current, obtained under reverse bias, is much more than the 


corresponding fraction change in majority carrier current obtained under forward bias. 
[CBSE Marking Scheme, 2015] 1 


Detailed Answer: 
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[Topper's Answer 2015] 


Q. 9. Suggest an idea to convert a full wave bridge 
rectifier to a half wave rectifier by changing the 
connecting wire/s. Draw the diagram and explain 
your answer. 3 

Ans. Circuit Diagram : 





If we change the connection of R from point C and 
join it to be, then the full wave bridge rectifier can 
be converted to a half wave rectifier. 


Å Long Answer Type Questions - il (5 marks each) 


Q. 1. (a) Why are photodiodes preferably operated (iii) I-V characteristics 


under reverse bias when the current in the forward mA 
bias is known to be more than that in reverse bias? 
(b) The two optoelectronic devices : Photodiode 
and solar cell, have the same working principle 
but differ in terms of their process of operation. 
Explain the difference between the two devices in 
terms of (i) biasing, (ii) junction area and (iii) I-V Reverse bias 


characteristics. [SQP 2018] 


Ans. (a) The fractional change in majority charge carri- 
ers is very less compared to the fractional change 
in minority charge carriers on illumination. 1 


(b) The difference in the working of two devices : 


r Photodiode | Solar cell 


(i) Biasing | Used in re- | No external biasing is 
verse biasing | given 





(ii) Junction | Small Large for solar radiation 
Area to be incident on it. 
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V... (open circuit voltage) 


V 





\ 


Short circuit current 


[CBSE Marking Scheme, 2018] 


Q. 2. Explain with the help of suitable diagram, the two 
processes which occur during the formations of 
a p-n junction diode. Hence define the terms (i) 
depletion region and (ii) potential barrier. 
(b) Draw a circuit diagram of a p-n junction diode 
under forward bias and explain its working. 
[CBSE Comptt. 2018] 


Ans. (a) Explaining the two processes 1+1 

Defining the two terms ati 

(b) Circuit diagram 1 

Working 1 

(a) The two important processes are diffusion and 
drift. 


Due to concentration gradient, the electrons 
diffuse from the n side to the p side and holes 
diffuse the p side to the n side. 1⁄4 


Electron diffusion 
Electron drift—ə> 





| <— Depletion region 


Hole diffusion — 
<— Hole drift 


Due to the diffusion, an electric field develops 
across the junction. Due to the field, an electron 
moves from the p-side. The flow of the charge 
carriers due to the electric field, is called drift. 
1⁄4 
(i) Depletion region : 
It is the space charge region on either side of the 
junction, that gets depleted of free charges. is 
known as the depletion region. 1⁄4 
(ii) Potential Barrier : 
The potential difference, that gets developed 
across the junction and opposes the diffusion of 
charge carries and brings about a condition of 
equilibrium, is known as the barrier potential. 1⁄2 
(b) Try yourself similar to Q. 5 Long Answer Type 
Questions - I 


[CBSE Marking Scheme, 2018] 


NYA 
AN 
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UNIT-X _ CHAPTER 
Communication 


Systems 


COMMUNICATION 
SYSTEMS 





Chapter Analysis 


List of Concepts Name 2016 2017 2018 
———s | op | D | O | DO 


Elements of 1Q 
Communication System (2 marks) 1Q 1Q 
1Q (2 marks) | (3 marks) 
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TOPIC.-1 


Elements of Communication System 





Revision Notes 


TOPIC - 1 
> Communication is the method of transmitting and receiving information nee of Communication System 
of data. s P: 9333 

> There may be two types of communication : TOPIC - 2 
° Point to point communication : In this type of communication Modulation .... P. 341 


transmitter and receiver are single point. Example : Telephonic 
communication. 
° Broadcasting communication : In this type of communication, there is one transmitter and many receivers. 
Example : transmission of radio or television. 
> When input message (any form of signal variation) is combined with some intelligence input (encoding and 
compatibility in machine language), it becomes information. 


> Generalised communication system : 


Information 
Source 


Communication System 





Block diagram of a generalised Communication System 
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Important terminology and their application in communication system 
> Information source : The information source is the generator of information which we want to communicate. It 
may be audio, video or data. 
Electric Transducer : Electric transducer convert physical variable into electrical signal variable. 
Signal: Information converted in electrical form and suitable for transmission is called signal. 
> Transmitter : Process of the incoming message signal and making it suitable for transmission through particular 
channel. 
Noise : Unwanted signal which interferes with the information signal and disturbs the information. 
Channel : It is the medium through which signal from transmitter propagates to the receiver. For example : 
optical fibre, coaxial cables etc. 
Receiver : Collects the message from the channel and extracts signal. 
Attenuation : Signal loses energy during propagation through channel. This is called attenuation. 
Amplifier : It is the device which increases the strength by increasing its amplitude. 
Range : Maximum distance between transmitter and receiver at which signal can be recovered is called the range 
of communicating system. 
Bandwidth : It is the frequency range over which an equipment operates or range of frequencies a signal has. 
Modulation : Mixing of signal with carrier frequency is known as modulation. 
Demodulation : Extracting of signal from carrier frequency is known as demodulation. 
Repeater : It receives the signal, reconditions it and then retransmits it. 
Signal may be classified in two categories : 
> Analog Signal : Continuous variation of signal with respect to time is known as analog signal. For example : 
telephonic signal, video signal etc. 
In modern technology we can convert analog signal to digital signal for communicating and convert back to 
analog signal at receiver. 
> Digital Signal : Discrete value of signal variation with respect to time is known as digital signal. For example : 
computer etc. 
° Coding helps in sending digital signal with much more accuracy. There are several coding techniques. For 
example in computer data, we employ suitable combinations of number systems such as the binary coded 
decimal (BCD), American Standard Code for Information Interchange (ASCII) 


> Operational advantages of digital communication system over analog communication systems are. 


v v WV v v v V v v v wv 


v 


° — An improved form of sending messages securely. 
° Increased immunity to noise and external interference. 
° A common format for encoding different kinds of message signals for the purpose of transmission. 
° Flexibility in configuration of digital communication system. 
> Hence in modern technology, analog signals are transmitted through digital communication. In the final stage 
they are converted back to analog signals. 
> Different types of message signals have different range of frequencies. 
° Audio signal — 20 Hz to 20kHz 


° Video signal — 4.2 MHz 

° TV signal — 6 MHz (audio + video) 
> Large bandwidth is required to accommodate complete information of wave. 
> Frequency bands of some important wireless communications : 


[Standard AM broadcast [s4010 | 
Mb — — — [mia —_ | 


-_—— | 174-216 MHz UHF (ultra high frequencies) 


C osme — [Base saontomobie — — 
Satellite Communication 
[32 —_ Dom — — 





www.jeeneetadda.in 


COMMUNICATION SYSTEMS [ 335 


Propagation of Electromagnetic wave : Scan to know 
more about 
this topic 


> 


> 


Earth's atmosphere plays a vital role in propagation of electromagnetic wave. There are three 

ways of communication through electromagnetic wave. ors 

Ground Wave: N 

(i) The radio waves which travel through atmosphere following the surface of the earth are ne 
called ground waves or surface waves and their propagation is known as ground wave | propagation of 


propagation or surface wave propagation. aes usa 
ave 





(ii) The ground waves have vertical orientation and travel parallel to the ground. 
(iii) The ground wave propagation is suitable for low and medium frequency, i.e., from few hundred kHz to 2 
MHz only. 


(iv) Its power is less as they operate in low frequency. 


(v) It can bend round the corners of the object on the earth, hence can jump the restriction. ( 0 = °. low 
a 


frequency means À is more so more bending) 

(vi) Attenuation is high for ground wave transmission and increases with increase in frequency. This is because 
more absorption of ground waves (near earth) takes place at higher frequency during propagation through 
atmosphere. 

(vü) Length of antenna is directly proportional to the wavelength of EM wave. Hence, for ground wave large 
antenna is required. 

(viii) The ground wave propagation is generally used for local band broadcasting and is commonly known as 
medium wave. Local transmitter, police walkie talkie , AM transmitter are some of its examples. 


Sky wave propagation : 


(i) The sky waves are the radio waves of frequency between few MHz to 40 MHz. 

(ii) These radio waves can propagate in atmosphere and are reflected back by the ionosphere of earth’s 
atmosphere. 

(iii) The sky waves travel from transmitter antenna to receiver antenna, through sky they reflect back from 
ionosphere. Hence, their propagation is called sky wave propagation. 

(iv) Critical frequency (f,) is that highest frequency of radio waves, which when sent straight (i.e, normally) 
towards the layer of ionosphere gets reflected and returns to the earth. If the frequency of radio waves is 
more than the critical frequency, it will not be reflected by the ionosphere. 

(v) The value of C.F is found to be 4 MHz, 5 MHz and 6 to 8 MHz for D (part of stratosphere), E (part of 
stratosphere), F, (part of mesosphere) and F, (Thermosphere) layers of ionosphere which are at heights about 
110 km, 180 km and 300 to 350 km respectively from the surface of earth. 

(vi) Its range is very large as compared to range of ground wave. Range can be targeted and can be increased by 
multiple transmitters. 

° Limitations : 3 MHz to 30 MHz is very small bandwidth of frequency for present application. Higher frequencies 

penetrate the ionosphere and can’t be reflected. 
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Space wave propagation : 
(i) It is used for very high frequency (> 40 MHz). These can penetrate ionosphere more efficiently. 
(ii) Due to high frequency, wavelength is very small and energy is very high. 


(iii) Television broadcast, microwave links and satellite communication are some examples of communication 
systems that use space wave mode of propagation. 


Line of sight communication by space wave : 
> We also use this space wave in ground transmission. It is known as line of sight transmission. 


> These are (space wave) high frequency hence they travel nearly in a line. Mobile transmission or microwave links 
are based upon this. 


> Earth's curvature restrict the range of line of sight transmission. There is limited space between two antennas. 


v 


If h is the height of transmitting antenna then its signal range is d = /2hR 


> The range of communication dv between the transmitting antenna of height hy and the receiving antenna of 
height hg is given by dy = ./2h,R+./2h,R 


where, R is the radius of the earth. 
Area covered through one tower = nd? = n x 2hR 
Population covered = population density x area covered. 
Satellite Communication : 
> The satellite communication is a mode of communication of signal between a transmitter and a receiver through 
a satellite. 
> The satellite communication is like a line of sight microwave communication. 
> Since, the satellite communication is through space hence, it is also part of space communication. 
> A communication satellite is a space craft, provided with microwave receiver and transmitter. It is placed in an 
orbit around the earth. 
> In satellite communication, a beam of modulated microwave from the transmitter is sent directly towards the 
communication satellite, which receives the coming signal, amplifies it and returns it to the earth. Transmitting 
frequency (uplink) and receiving frequency (downlink) are different to avoid interference between the uplink 
and the downlink. 


v 


A satellite communication is possible through geostationary satellites. 

> A single geostationary satellite cannot cover the whole part of the earth for microwave communication. It is so 
because, the large part of the earth is out of sight due to the curvature of the earth. One satellite roughly covers 
one third of earth. 

> In order to have global transmission, at least three geostationary satellites are required, which are at particular 
distance from each other. 

> Global positioning system is also based upon satellite communication. 


d 

À Very Short Answer Type Questions (1 mark each) 
Q. 1. Which mode of propagation is used by short wave Ans. Due to their short wavelengths, they are suitable for 
broadcast service ? [R] radar system used in aircraft navigation. 1 
Ans. Sky wave propagation is used in short wave Q.4. What is the meaning of the term ‘attenuation’ used 

broadcast service. Its frequency range is from few in communication system ? 

MHz upto 40 MHz. 1 [R] [O.D. Comptt. I, IL, ITI 2014] 

Q. 2. Name the essential components of acommunication Ans. Attenuation is the loss of strength of a signal, 

system. [R] [O.D. I, IL, HI 2016] while propagating through a medium. 1 

Ans. Transmitter, Medium or Channel and Receiver. 1 [CBSE Marking Scheme, 2014] 
: : ‘ Q. 5. Give one example of point-to-point communication 
Q. 3. ay are mer WAVES R oo for radar moie [R [O.D. Comptt. I, II, III 2014] 
Doe eat T E R enor Ans. Telephony service is based upon point to point 
[R] [2016 Delhi All set-3] communication. 1 
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Q. 6. How does the effective power radiated from a 
linear antenna depend on the wavelength of the 
signal to be transmitted ? 

(U| [Delhi Comptt. I, II, III 2014] 


Ans. Effective power « _ 
Alternatively, The effective power which 
is radiated decreases with an increase in 
wavelength. 1 

[CBSE Marking Scheme, 2014] 


Q. 1. (i) What is line of sight communication ? 

(ii) Why is it not possible to use sky waves for 
transmission of TV signals? Upto what distance 
can a signal be transmitted using an antenna of 
height ‘h’? R [2017 Delhi set-3] 














Ans. (i) Communication, using waves which travel in 
straight line from transmitting antenna to receiving 
antenna is called line of sight communication. 1 

(ii) Because T.V. signal waves are not reflected back 
by the ionosphere 1⁄2 

d = V2hR Ys 

[CBSE Marking Scheme, 2017] 


Q. 2. Which basic mode of communication is used in 
satellite communication ? What type of wave 
propagation is used in this mode ? Write, giving 
reason, the frequency range used in this mode of 


propagation. R| [2017 Delhi set-1] 
Ans. Broadcast/point to point, mode of communication 
A 
Space wave propagation 1⁄2 
Above 40 MHz 1⁄2 


Because EM waves, of frequency above 40 
MHz, are not reflected back by the ionosphere / 
penetrate through the ionosphere. 1⁄4 

[CBSE Marking Scheme, 2017] 


Q. 3. Distinguish between a transducer and a repeater. 
[R| [2017 Delhi set-2] 


Ans. Transducer : A device which converts one form of 
energy into another. 1 
Repeater : A combination of receiver and 
transmitter. It picks signals from a transmitter; 
amplifies and retransmits them. 1 

[CBSE Marking Scheme, 2017] 


Commonly Made Error 
e Many students couldn’t define the tansducer. 


Q. 4. A TV transmission tower antenna is at a height of 
20 m. How much range can it cover if the receiving 
antenna is at a height of 25 m? [R| [CBSE-SQP -2018] 
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Q.7. Draw a block diagram of a generalized 


communication system. 
[R| [Delhi Comptt. I, II, HI 2014] 


Ans. Refer Block diagram (Topic-I) Revision Notes 
Alternatively, Also accept if the student gives 
only the following diagram : 


Message ] : User 
- Transmitter Receiver 
Signal 


[CBSE Marking Scheme, 2014] 1 


Å Short Answer Type Questions-l (2 marks each) 


Ans. Range d = V2hR+.,/2hpR 1 
d= J2x20x6-4x10 +V2x25x6-4x10° 


d = 33.9 km 1 

[CBSE Marking Scheme, 2018] 
Q. 5. Distinguish between broadcast mode and point- 
to-point mode of communication and give one 
example foreach. [|R] [2017-Foreign Sets-I, II, III] 


Ans.In point-to-point communication mode, 
communication takes place over a link between a 
single transmitter and a single receiver. Vy 
In the broadcast mode, there are large number of 
receivers corresponding to a single transmitter. 1⁄2 
Example : Point-to-point : telephone (any other) 1⁄2 
Broadcast : T.V. Radio (any other) 1⁄2 

[CBSE Marking Scheme, 2017] 


Q.6 A device X used in communication system can 
convert one form of energy into another. Name the 
device X. Explain the function of a repeater in a 
communication system. 

R [2016- Foreign Sets-I, II, HI] 

Or 
Write the function of a (i) transducer and (ii) 
repeater in a communication system. 
[2016 -OD; south] 

Ans. ‘X’ is a transducer It is a device which converts one 
form of energy to another. 1 
A repeater picks up the signal from the transmitter, 
amplifies and transmits it to the receiver sometimes 
with a change in carrier frequency. Repeaters 
are used to extend / increase the range of a 
communication system. 1 














Q. 7. State the concept of mobile telephony and explain 
its working. [R] [2016-OD, east] 
Ans. Concept of mobile telephony is to divide the service 
area into a suitable number of cells centered on an 
office MTSO (Mobile Telephone Switching Office). 
Mobile telephony means that you can talk to any 
person from anywhere. 1 
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Explanation : 

(i) Entire service area is divided into smaller parts 
called cells. 

(ii) Each cell has a base station to receive and send 
signals to mobiles. 

(iii) Each base station is linked to MTSO. MTSO co- 
ordinates between base station and TCO (Telephone 
Control Office) 1 

Q. 8. Distinguish between any two types of propagation 
of electromagnetic waves with respect to (i) 
frequency range over which they are applicable, 
(ii) communication systems in which they are 

[CBSE SQP 2016] 
Type of 
EM wave 


Use 
propagation 


used. 
Ans. 


Frequency 
range 


Ground wave | 500-1500 KHz Standard AM 
broadcast 


Yo PL 2⁄2 Ge 


following in 





Q.9. Write the functions of the 
communication systems : 
(i) Transmitter 
(ii) Modulator [R] [Delhi 2014] 
Ans.(i) Device used for communication which transmits 
the signal by amplifying it. 
(ii) Device which merges the high frequency carrier 


1+1 


following in 


wave and low frequency base-band signal. 
Q. 10. Write the of the 


communication systems : 


functions 


Q. 1. What is sky wave propagation ? Which frequency 
range is suitable for sky wave propagation and 
why ? Over which range of frequencies can 
communication through free space using radio 
waves take place ? [U] [2017, Foreign Set-II] 


Ans.In sky wave propagation, long distance 
communication is achieved by ionospheric 
reflection of radio waves back towards the earth. 1 
The frequency range is from a few Mega hertz to 
30/40 Mega hertz. The ionospheric layers can act 
as a reflector over this frequency range (3 MHz 
to 30/40 MHz). Higher frequencies penetrate 


through it. 1 
The frequency range of radio frequencies is a few 
hundred kHz to a few GHz. 


(waves having frequency beyond 40 MHz) 1 
[CBSE Marking Scheme, 2017] 


y. Short Answer Type Questions-Il 
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(i) Transducer 
[R] [O.D. L IL II 2014] 


Any device that converts one 


(ii) Repeater 
Ans. (i) Transducer : 
form of energy to another. 1 
(ii) Repeater : À repeater accepts the signal from the 
transmitter, amplifies and retransmits it to the 


receiver. [CBSE Marking Scheme, 2014] 1 


Q. 11. Distinguish between ‘sky wave’ and ‘space wave’ 
modes of propagation in a communication system. 
IR! [Delhi Comptt., I, II, IIT, 2016] 


Ans. 
Sky Wave 
(i) | Restricted up to a| Can take place (even) 
few MHz frequency | beyond 40 MHz fre- 


(3 to 40 MHz). quency. 


Waves are reflected 
back from iono- 






Space waves travel in 
a straight line, either 
directly from transmit- 
ting antenna to receiv- 
ing antenna or, through 
satellite. 


[CBSE Marking Scheme, 2016] 2 


sphere. 


Q. 12. Distinguish between ‘Analog and Digital signals’. 
[Delhi I, II, III 2014] 


Ans. Analog signals are continuous variations of 
voltage or current. 1 
Digital signals are those which can take only 
discrete (step wise) values of current or voltage. 1 

[CBSE Marking Scheme, 2014] 


(3 marks each) 


Commonly Made Error 


e Many students confused ‘sky wave propogation’ 
with’ space wave propagation.’ 





Q. 2. What is space wave propagation ? Which systems 
of communication use space waves ? What is 
‘radio horizon’ of a transmitting antenna of height 
h ? Why is space wave propagation suitable for 
frequencies above 40 MHz ? 

[2017 Foreign Set-III] 


Ans. Propagation of waves, along a straight path from 
the transmitting antenna to receiving antenna, 
using line of sight (LOS) communication is called 
space wave propagation. 1 
Relevant system of communication : 

microwave links and 

(any one) 1⁄ 


Television broadcast, 
satellite communication 


www.jeeneetadda.in 


COMMUNICATION SYSTEMS 


‘Radio horizon’ equals the distance between the 
transmitting antenna and the point on the earth 
where the direct waves get blocked due to the 
curvature of the earth. 


[Also accept d= /2hR; h=heightof transmitting 


antenna, R = Radius of the earth.] 

At frequencies above 40 MHz, relatively smaller 
antennas are needed and communication is 
essentially limited to line of sight paths. 1 
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[Alternatively, 

At frequencies (more than 40 MHz), EM waves 

do not get bent or reflected by ionosphere. 

Therefore space wave propagation has to be used 

for frequencies above 40 MHz.| 1 
[CBSE Marking Scheme, 2017] 


Q. 3. Draw a block diagram of a generalized communication system. Write the functions of each of the following : 


(i) Transmitter 
(ii) Channel 
(ii) Receiver 


Communication System 


Ans. 


Information|Message 
Source 


[Also accept the following diagram 


[2017, OD Set-Ill] 





1% 


(i) Transmitter : A transmitter processes the incoming message signal so as to make it suitable for transmission 


through a channel and subsequent reception. 


1⁄ 


(ii) Channel : It carries the message signal from a transmitter to a receiver. 1⁄2 
(iii) Receiver : A receiver extracts the desired message signals from the received signals at the channel output. % 


Commonly Made Error 


e Few students couldn’t write the function of channel. 


[CBSE Marking Scheme, 2017] 





Q. 4. (i) Which mode of propagation is used by shortwave 
broadcast services having frequency range from a 
few MHz up to 30 MHz ? Explain diagrammatically 
how long distance communication can be achieved 
by this mode. 

(ü) Why is there an upper limit to frequency of waves 
used in this mode ? [O.D. I, II, III, 2016] 
Ans. (i) Sky wave propagation. Va 







F2 


lonosphere F, 
Layers 


Long distance communication can be achieved by 
reflection of radio waves by the ionosphere, back 
towards the Earth. This ionosphere layer acts as 


a reflector only for a certain range of frequencies. 
(few MHz to 30 MH2) VY 


(ii) Electromagnetic waves of frequencies higher than 
30 MHz, penetrate the ionosphere and escape 
whereas the waves less than 3 MHz are reflected 
back to the earth by the ionosphere. 1 

Q.5. (i) Distinguish between point to point and 
broadcast modes of communication. Give an 
example of each. 

(ii) Explain the basic concept of mobile telephone. 

[2016 Foreign Set-1] 


Ans. (i) In point to point communication mode, 
communication takes place over a link between a 
single transmitter and a receiver. 

In broadcast mode , there are a large number 
of receivers corresponding to a single 
transmitter. Examples; Point to point : telephony 
Broadcast : radio / Television. 1% 
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(ii) The service area is divided into a suitable number 


Q.6. 


of hexagonal cells centered on MTSO (Mobile 
Telephone Switching Office). Each cell contains 
a low-power transmitter called a base station and 
caters to a large number of mobile receivers / cell 
phones. When a mobile receiver crosses one base 
station it is handed over to another base station . It 
is called handover or handoff. 1% 


Mention three applications of the internet. Explain 


one of these in detail. 'U[2016-OD, south] 


Ans. Application of internet—e-mail, social networking 


sites, e-commerce, mobile telephony, GPS. 
[Any three] 2+”%2+'% 
Explanation of any one. 1% 
[CBSE Marking Scheme, 2016] 


Detailed Answer: 


Q.7. 


Ans. 


One of the main use of internet is instant global 
connectivity. It is very useful in e-learning sector. 
Nowadays students from remote area can access 
quality of education from different educational 
website and e-lectures through internet. Interactive 
videos available in internet help them also. 

What is global positioning system ? Explain its 
working in brief. [2016 OD, east] 
Global Positioning System (GPS) is method of 
identifying location or position of any point or a 
person on earth using a system of 24 satellites, which 
are continuously orbiting, observing, monitoring 
and mapping the earth. 1 
Working Principle : 


(i) The unique location of GPS user is determined 


by measuring its distance from at least three GPS 
satellites. 1 


(ii) Using these values of distances, obtained from three 


Q. 8. 


satellites, a microprocessor, fitted in GPS device, 
determines the exact location. 1 
What is space wave propagation ? State the factors 
which limit its range of propagation. Derive 
an expression for the maximum line of sight 
distance between two antennas for space wave 
propagation. [2016; OD, North Set] 


Ans. Space Wave Propagation : 


The mode of propagation in which radio waves 
travel, along a straight line, from the transmitting 
to the receiving antenna. 1 
Limiting Factors : 


(i) Curvature of the earth 
(ii) Insufficient height of the receiving antenna 


(Award this /2 mark if the student writes any one 
of these two factors) 1 






Derivation : 
ANS. 
ree se 
Transmitting A~ ; 
Antenna [4 SY an 
; 3 `> Limiting 
R: . Receiving 
P Point 


- 
- . 
.. 
- 


From the figure, we have 
(R + h) = R° +d 
2Rh = d? (as h? << 2Rh) y 
d= V2Rh 


For a transmitting antenna of height hr, and a 
receiving antenna of height hp, the maximum 
line of sight distance becomes 


du = J2Rh7 +,/2Rhp 


[Note : Give 1 mark if the student writes the 
expression of dy] 1⁄4 
[CBSE Marking Scheme, 2016] 


Q. 9. Give (brief) reasons for the following : 


Or 


(i) We use the ‘sky wave’ mode of propagation, of 
electromagnetic waves, only for frequencies up to 
30 to 40 MHz. 


(ii) The LOS (Line of sight) communication via space 
waves base (fairly) limited range. 


(iii) A mobile phone user gets an ‘uninterrupted link 
to talk’ while walking. [Foreign, 2016] 


Ans. (i) The ionosphere can act as a ‘reflector’ only for EM 
waves of frequencies up to 30 to 40 MHz. Higher 
frequency EM waves penetrate the ionosphere and 
escape. 1 


(ii) The range is (fairly) limited because the EM waves 
loose energy (fairly rapidly) when they glide over 
the surface of the earth. 1 


(iii) This is because of the presence of a network of base 
stations/cells which keep on passing the signals 
from one base station/cell to the other. 1 


Q. 10. (i) What is line of sight (LOS) communication ? 
What is the range of their frequencies ? 


(ii) A transmitting antenna at the top of a tower has 
a height of 20 m and the height of the receiving 
antenna is 45 m. Calculate the maximum distance 
between them for satisfactory communication in 
LOS mode. (Radius of the Earth = 6.4 x 10° m) 

[O.D. I, IL, HI, 2013] 
Ans. Space waves are used for the line of sight (LOS) 
communication. 1⁄2 


The range of their frequencies is 40 MHz and 
above. Vy 
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We have, height of transmitting antenna, hr = 20 m 
and height of receiving antenna, hp = 45 m. 


Then, maximum distance between the two antennas, 


dua = J2h,R + J2h,R 
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V2x45x6.4x10° 


= 20 x 8 x 100 + 8 x 100 x 30 
= 8 x 100 ( 20 + 30) 


= 40000 m = 40 km 2 
dy = J2x20x6.4x10° 
À Long Answer Type Questions (5 marks each) 





Q. 1. (i) Which mode of wave propagation is suitable for 
television broadcast and satellite communication, 
and why ? Draw a suitable diagram depicting this 
mode of propagation of wave. 

[O.D. Comptt. I, II, III 2012] 


(ii) Block diagram of a receiver is shown in the figure. 
Receiving Antenna 







Output 
Received Detector} —[Y— 
ignal 
(a) Identify “X' and ‘Y’. 
(b) Write their functions. [Delhi I, II, III 2013] 
Ans. (i) The skywave propagation is suitable for 
television broadcast and satellite communication. 
1⁄ 


The radio waves from the transmitting antenna can 


reach the receiving antenna R from the different 
layers of ionospheres as shown in figure. VY 
lorosphere 





(Say F-layer) 


Earth 2 
(ii) (a) X : IF stage 

Y : Amplifier 1 
(b) The carrier frequency is changed to a lower 
frequency by intermediate frequency (IF) stage 
preceding the detection. 
An amplifier increases the strength of the detected 
signal. 1 


Q. 2. (i) Given a block diagram of a generalized communication system. 


Information 
Source 





Identify the boxes ‘X’ and ‘Y’ and write their functions. 
(ii) Mention three different modes of propagation used in communication system. Distinguish between “Point 


to Point” and “Broadcast” modes of communication. 


Ans. (i) X : Transmitter 


[Delhi I, II, III 2015] 


Y : Channel 1 
Their functions : 
Transmitter : To convert the message signal into suitable form for transmission through channel. 1 
Channel : It sends the signal to the receiver. 1 
(ii) (a) Ground wave or surface wave propagation. 
(b) Sky wave propagation or ionospheric propagation. 
(c) Space wave propagation / Line of sight propagation 1 


In point to point mode, communication takes place between a single transmitter and receiver. In broadcast 
mode, large number of receivers are connected to a single transmitter. 1 


TOPIC-2 


Modulation 





Revision Notes 


Scan to know 


more about 

Low frequency signal could not travel large distance because of following reasons : this topic 
> Low frequency means low power, hence it gets attenuated i.e., loss of signal strength. Ope [m] 
eS 

> Minimum size of antenna = 2 and low frequency means large wavelength so size of antenna mj , 
becomes impractical. Modulation 
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v v Vv WV 


Overlapping of signals Difficult to incorporate multiple transmitting stations. 
Hence the signal should be transmitted at high frequency. 
Combining low frequency message signal with high frequency carrier wave is modulation. 
A high frequency wave has certain features like amplitude, frequency and phase. 
y = acos (wt + 9) 
So, variable parameters are amplitude (a), frequency (v) and phase (6). 
Depending upon the parameter which we are varying in carrier wave with our signal, there are three main types 
of modulation techniques. 
° Amplitude modulation 
° Frequency modulation 
e Phase modulation 


Amplitude Modulation : The amplitude of the carrier wave changes according to the intensity of the signal. The 
amplitude variation of the carrier wave is at the signal frequency f.. 


LUELLA 
VV VV VV VV 


Carrier Signal 


Modulating Sine Wave Signal 





Amplitute Modulated Signal 


If message signal m(t) = Am sin Opt 

carrier wave c(t) = A, sin @,t 

are combined together then bandwidth of modulated wave is (, — @,,) to (O. + O,,) 

(©, — On) and (@, + @,,) are known as lower and upper sideband frequency respectively. Signal is in these side 


band frequencies. 


A, 
Amplitude uA, 
2 





(o,-@,) ® (o + On) o in radians 


Modulation Index : The ratio of change of amplitude of modulated wave to the amplitude of normal carrier wave 
is called modulation index (u). 


u= An To prevent distortion u < 1. 


A, 
We can derive that A, = — and A, = A mas + Armin 
Hence, = ye esas 
AA na + A min 


Effect of Noise on AM wave : AM signal is more noisy than FM because in AM message is transmitted through 
modulating the amplitude of carrier signal. A low frequency noise can alter the amplitude of carrier message. In 
frequency modulation message is transmitted through frequency changes and hence amplitude of noise signal 
will not effected. 
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Detection of amplitude modulated wave : 


> Demodulation : Demodulation is the process of recovering the signal frequency from a modulated carrier wave. 


> The detected signal may not be strong enough to be made use of and hence is required to be amplified. 
> Below is the block diagram of typical receiver circuit. 


Receiving 
Antenna 






Amplifier 





Output 
IF Stage Amplifier 


Block diagram of a receiver 


Received signal 


> Other communicating modes 


Internet 
Facsimile (FAX) 
Gq Very Short Answer Type Questions (1 mark each) 
Q.1.A signal of 5 kHz frequency is amplitude Ans.In amplitude modulation, the amplitude of the 
modulated on a carrier wave of frequency carrier wave, changes in accordance with the 
2 MHz. What are the frequencies of the side bands modulating signal, while in frequency modulation, 
produced ? [2016- OD, North] frequency of the carrier wave varies in accordance 
with the modulating signal. 1 
Ans. (i) Voide bands = Vet Vy 1⁄4 Q. 3. How are side bands produced ? 
= 2005 kHz; 1995 kHz % [U] [Delhi I, IL II 2015] 
(Give full 1 mark if the student straight away Ans. Side bands are produced due to the superposition 
writes the answer as 2005 kHz and 1995 kHz) of carrier waves of frequency o, over modulating 
[CBSE Marking Scheme, 2016] /audio signal of frequency ,,,. 1 
Q. 2. Distinguish between amplitude modulation and [CBSE Marking Scheme, 2015] 
frequency modulation. [U] [O.D. L IL, III 2015] 
OR 























Ans.. 272 an Aryplituds.. rreclulabed wae, Tht Jugis piunt. 


(pe T e i ae oie 
> 





Cero. 5 A 





bon... We-W py... < u +u, ps sali bandy 


a 





4 = Bet Ary nuka] IP Wet 
= we 
—— ! "< 


{es Act + fA iuit] si 


Cr) < Acínu. E + jh 104 (kc, J +  — Ax 09 Ge tube) t 
es ea X QQ SÉ | 


Side ban _ | 
[Topper’s Answer, 2015] 
Q.4.A carrier wave of peak voltage 12 V is used to [Delhi Comptt. I, II, HI 2013] 
transmit a message signal. Calculate the peak Ans. V, = 12, m, = 75% 
voltage of the modulating signal in order to have 75 _ 12-V,, 
a modulation index of 75%. Why is modulation 100 12+ V, 


index generally kept less than one ? 
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48 4V,, = 36 + 3V,, 


7V,, = 12 
Veo 2 179 
7 


Modulation index is kept less than 1 to avoid the 
distortion. 1 

Q. 5. In the given diagram C(t) stands for the carrier 
wave and m(t) for the signal to be transmitted. 
What name do we give to the wave labelled as 
C,,(é) in the diagram ? 


o 


0 0: 


m(t) 0 
i 


0 0: 3 


AT 


0 0 3 
[CBSE SQP 2014] 


Å Short Answer Type Questions-l 


Q. 1. Define modulation index. Why it is kept low ? 
What is the role of a bandpass filter ? 


[R| [2016- OD centre] 
Ans. The modulation index is ratio of modulating signal 
voltage(V,,,) to the carrier voltage (V). 


at 


ee 


. It is kept low to prevent the signal 
distortion. 1 
A bandpass filter allows the desirable band of 
frequencies to pass and block the unwanted higher 
and lower frequencies. 1 

Q. 2. Explain the terms (i) Attenuation and (ii) 
Demodulation used in communication system. 


[R] [Delhi I, II, III 2016] 


Ans. (i) The loss of strength of a signal while 
propagating through a medium. 1 

(ii) The process of retrieval of information, from the 
modulated wave, at the receiver. 1 
[CBSE Marking Scheme, 2016] 


Q. 3. (i) Give three reasons why modulation of a message 
signal is necessary for long distance transmission. 
(ii) Show graphically an audio signal, a carrier wave 
and an amplitude modulated wave. 
[R] [Delhi/Outside Delhi 2018 Set I, II, III ] 
OR 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


Ans. C,,(t) is the frequency modulated wave. 1 
[CBSE Marking Scheme, 2014] 
Q. 6. The carrier wave is given by 
C(t) = 2sin (8x) volt. 
The modulating signal is a square wave as shown. 
Find modulation index. 


1 


m(tf) in volt 


1 2 t in second 
[Delhi I, IL HI 2014] 
a 
Ans. Modulation Index = x. =12=05 1⁄ + 1⁄2 
1 
[CBSE Marking Scheme, 2014] 
Detailed Answer: 


From the given equation of carrier wave amplitude 
of carrier wave, A, = 2 volts 
From the graph amplitude of signal wave, 


A,, = 1 volts 
Hence modulation index, 
u= Am = 1 =0.5 
Am” 2 


(2 marks each) 


Why is the baseband signal not transmitted 


directly ? Give any two reasons. 
[2016-OD, North] 


Ans. (i) If base band signal were to be transmitted directly 
(a) The height of the antenna needed will be 
impractically large. 1 
(b) The effective power radiated would be too 
low. 
(c) There would bea high probability of different 
signals getting mixed up with one another. 1 
Kindly refer ‘Revision Notes’ of topic-2 for 
diagram. 
[CBSE Marking Scheme, 2016] 

Detailed Answer : 

(i) (a) Modulation allows us to send a signal over a 
bandpass frequency range. If every signal gets its 
own frequency range, then we can transmit multiple 
signals simultaneously over a single channel. 

(b) It allows the use of smaller antenna. 

(c) Low frequency signals get attenuated in space 

while high frequency do not get attenuated in 

space as fast as low frequency and can travel long 

distances. 2 
Q. 4. Define the term modulation. Draw a block diagram 


of a simple modulator for obtaining AM signal. 
[R| [Foreign 2014] 
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Ans. The process of (appropriate) superimposition 
of low frequency message signal, over a high 
frequency carrier wave, is called modulation. 2 
[Note : For block diagram see Topic-2] 

[CBSE Marking Scheme, 2014] 


Q. 5. In the block diagram of a simple modulator for 
obtaining an AM signal, shown in the figure, 
identify the boxes A and B. Write their functions. 





carrier 
wave 


[O.D. I, II, III 2013] 
Ans. A = Square law device 
B = Bandpass filter. 1 
Band pass filter rejects low and high frequencies 
and allows a band of frequencies to pass through. 
1⁄2 
Square law device is a non-linear device. It 
producesa non-linear output of message and carrier 
signals. 1⁄ 
Q. 6. A message signal of frequency 10 kHz and peak 
voltage 10 V is used to modulate a carrier wave 
of frequency 1 MHz and peak voltage 20 V. 
Determine : [Delhi Comptt. I, II, III 2013] 
(i) The modulation index, 
(ii) the side bands produced. 


_A. 
Ans. (i) Modulation index, u = 7 ae A -a 
or afn 
g A 


Given, Ara Vmin = 10 V 





A max + Amin = 20 V 
Hence Coy = - 1 
20+10 3 
(ii) sidebands = f, — fm and f. + fm 
Given fm = 10 kHz 
f. = 1 MHz 
hence sidebands 
fe + fn = 1000 kHz + 10 kHz 
= 1010 kHz 
fe— fm = 1000 kHz — 10 kHz 
=990 kHz 1 


Q.7. A carrier wave of frequency 1.5 MHz and 
amplitude 50 V is modulated by a sinusoidal wave 
of frequency 10 kHz producing 50% modulation. 


[ 345 


Calculate the amplitude of AM wave and 
frequencies of the side bands produced. 


[Delhi Compitt. I, II, III 2013] 





Ans. Given, f, = 10 kHz 
f. = 1.5 MHz 
V. = 50 V 
u = 0.5 
(i) modulation index, u = Ve Va 
V. + V, 
0.5 = 50 — V, 
50+ V, 
25 + 0.5 V,, = 50- V, 
1.5 V,, = 25 
Z: V,, = 16.66 V 1 
Sidebands = f, — fm and f. + fm 
Given f, = 10 KHz 
f, = 1.5 MHz 


Hence sidebands 
fe + fm = 1500 kHz + 10 kHz 
= 1510 kHz 
fe— fm = 1500 kHz — 10 kHz 
= 1490 kHz 1 


Q. 8. A carrier wave of peak voltage 15 V is used to 
transmit a message signal. Find the peak voltage 
of the modulating signal in order to have a 
modulation index of 60%. 


[CBSE Delhi &AII India-2018] 





Ans. Formula for modulation index 1 
Finding the peak value of the modulating 
signal 1 

== An 
We have, u = A, 1 
Here, u = 60% = 3 1 
5 


Ar = uA, = =x15V =9V 1, 
[CBSE Marking Scheme, 2018] 
Detailed Answer: 


The modulation index u is given by 





where Am — Peak voltage of modulating signal. 
Ac Ə Peak voltage of carrier wave. 
A. = ux Ac 


60 
=7 0 15=9V=>|A,=9V| 
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Gq Short Answer Type Questions-II (3 marks each) 


Q. 1. Define the term ‘amplitude modulation’. Explain (i) Size of Antenna : For transmitting a signal, 
any two factors which justify the need for 


modulating a low frequency base band signal. 
IR [2017- Delhi Set-I, II, III] 


minimum height of antenna should be , with 


the help of modulation wavelength of signal 


Ans. It is the process of superposition of information decreases, hence height of antenna becomes 
/ message signal over a carrier wave in such a manageable. 1 
way that the amplitude of carrier wave is varied (ii) Effective power radiated by an antenna : 
according to the information signal / message Effective power radiated by an antenna varies 
signal. 1 inversely as i, hence effective power radiated 
Direct transmission, of the low frequency base into the space, by the antenna, increases. %2+'% 
band information signal, is not possible due to the (iii) To avoid mixing up of signals from different 
following reasons : transmitters. (Any two) 


[CBSE Marking Scheme, 2017] 
Q. 2. (i) How is amplitude modulation achieved ? 
(ii) The frequencies of two side bands in an AM wave are 640 kHz and 660 kHz respectively. Find the frequencies of 
carrier and modulating signal. What is the bandwidth required for amplitude modulation? [R] [2017, OD set-1] 
Ans. (i) Amplitude modulation can be achieved by applying the message signal, and the carrier wave, to a non linear 
(square law device) followed by a band pass filter. 
(Alternatively, The student may just draw the block diagram.) 


m (Ë) x (t), [Square Law| y (Ë) Bandpass | AM wave 
— > > °. > 


Centred at , 





(Modulating signal) 
c (D) Bx (t) + Cx (p° 
A, sin QA 


(Alternatively, Amplitude modulation is achieved by superposing a message signal on a carrier wave in a way 
that causes the amplitude of the carrier wave to change in accordance with the message signal.) 1 


(ii) Frequencies of side bands are : 





(v, + v,,) and (V.-V,,) 1⁄ 
i: V. + v, = 660 kHz 
and Ve — v,, = 640 kHz 
v. = 650 kHz y2 
va = 10 kHz 1⁄2 
Bandwidth = (660 — 640) kHz 
= 20 kHz 72 
[CBSE Marking Scheme, 2017] 
Q. 3. (i) Define the term “modulation index,’ used in A 
communication system. Why is its value kept less = A 1 
than or equal to one ? í 
(ii) A message signal of frequency 10 kHz and p- lia avoid l oon signal Zs 
peak voltage of 10 V is used to modulate a (ii) = 10V =] 1 
carrier frequency 1 MHz and peak voltage 10 V. 10N 
Determine the (i) modulation index, and (ii) side V. — v,, = (1000 — 10) kHz 
bands produced. R [Foreign Set-I, 2017] = 990 kHz 1⁄2 
Ans. (i) Modulation index is the ratio of Amplitude Ve + Vm = (1000 + 10) kHz 
modulated wave to the amplitude of carrier = 1010 kHz Ya 
wave. [CBSE Marking Scheme, 2017] 
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Q. 4. (i) Explain any two factors which justify the need 


. , communication is A/4. Therefore height of antenna 
of modulating a low frequency signal. 


becomes practically achievable. 
(ii) Write two advantages of frequency modulation 


over amplitude modulation. 
[R] [2016- Delhi Set-I, II, III] 


Ans. (i) A low frequency signal is modulated for the 
following purposes : 


(b) Power radiated into the space by an antenna is 
inversely proportional to 22. Therefore, the power 
radiated into the space increases and signal can 
travel larger distance. 1+1 

(a) It reduces the wavelength of transmitted signal E Z. 5 


of transmitted power 1 
and the minimum height of antenna for effective P 


Q. 5. (i) Write the factors that prevent a baseband signal of low frequency to be transmitted over long distances. 
(ii) What is to be done to overcome these factors ? Draw a block diagram to obtain the desired signal. 
[R] [CBSE SQP 2016 ] 
Ans. The factors that prevent a baseband signal of low frequency to be transmitted over long distances are : 
(i) Size of the antenna 
Effective power radiated by the antenna 


Mixing up of signals from different transmitters 1 
(ii) Modulation of the baseband signal of low frequency overcomes above problems and transmit them over long 
distances. 1 


Block diagram of amplitude modulation 


Fines” Caw} 
An SiN Ont aa O Device 


(Modulating signal) ! 


Band pass 
Filter 
Centred at o< 





AM wave 
— 





c (D) Bx (£) + Cx (p° i 

Ac sin od 
Q. 6. Write two basic modes of communication. Explain In amplitude modulation, the amplitude of a 
the process of amplitude modulation. Draw carrier wave is made to vary, with time, in the 
a schematic sketch showing how amplitude same way as the modulating signal varies with 
modulated signal is obtained by superposing a time. 1 


ingsi inusqiqal Ajer wave. M A l | ile 
modulating signal over a sinusoidal U WD. 2014) c, (t) for AM _: [= lp qI 
Ans. Two basic modes of communication are : 0 0.5 1 1.5 2 2.5 3 


(i) Point — to — point %2 [CBSE Marking Scheme, 2014] 1 
(ii) Broadcast 1⁄2 


Q. 7. Write three important factors which justify the need of modulating a message signal. Show diagrammatically 
how an amplitude modulated wave is obtained when a modulating signal is superimposed on a carrier wave. 
[Delhi I, IL IsI 2013, Delhi I, II, HI 2012] 


et ‘LAA TATA . 


3 


c, (Jior AM [ <<< 1 


[CBSE Marking Scheme, 2013, 12, 10] 
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Q. 8. Draw a block diagram of a detector for AM signal and show, using necessary processes and the waveforms, how the 
original message signal is detected from the input AM wave. [U] [Delhi I, II, III 2015] 


Ans. AM wave 






Output 1 





AM input Rectified Output 
wave wave (without RF component) 
[Note : Award these 3 marks irrespective of the way the student attempts the question. ] Trl 
[CBSE Marking Scheme, 2015] 


Commonly Made Error 
e Many students couldn’t draw the output of ‘envelope detector’. 


OR 




















a 4 tA SA : < — ` 
a Po’ _-Kechipivr fro etl HAN 
rrera I N oe ee "i JA iea Cy / | j } 
-_ =r es — rry m = 


al tape teen 
fee 2/5 EA AMY UA 2 id "1 `. ea g" 


ipun l a 

+. On pausing — Z (iaa94 The 
Pt Gf. oady The tre hagy 
r Tht tytle v paaasd . 





| 


_ +] (Zuzi cutecker_clubucts The stoat escape cued 1 aye The Silt bana 





Er Thee. wage, Art pee Tiz rigina masage A LAIRA 2 
[Topper’s Answer, 2015] 


Q. 9. A (sinusoidal) carrier wave 
C(t) = A,sin w,t 
is amplitude modulated by a (sinusoidal) message f uA 
signal = Asin ot + — 
m(t) = A „Sin Ot 
Write the equation of the (amplitude) modulated signal. 





C, (t) = Asin œt + š € 2sin ©„t. sin œt 1⁄4 





[cos(@. — o,)t 


— cos (o, + o,,)t] 1⁄2 
There are the three sinusoidal waves present in the 


Use this equation to obtain the values of the amplitude modulated signal. 
frequencies of all the sinusoidal waves present in The frequencies of these three waves are 
the modulated signal. [CBSE SQP 2014] O. 
Ans. The equation of the (amplitude) modulated signal A Qn 
is O: — On 
C(t) = [(A, + A,,sin œ,„t)] sin o f 1 h= Qn 
This can be rewritten as iy, + Gy, 
C, (t) = [A . (1 + usin ,,t)] sin o,t and h= 2T 
where, u = A,/A, = modulation index %2 [CBSE Marking Scheme, 2014] 1⁄4 
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Q. 10. A sinusoidal carrier wave of amplitude A, and angular frequency œ, is modulated in accordance with a 
sinusoidal information signal of amplitude A,, and angular frequency w,,. Show that the amplitude modulated 
signal contains three frequencies centered around @,. Draw the frequency spectrum of the resulting modulated 


signal. 


Ans. The modulated signal : 
Cx (t) = (A, + An Sin ,,t) sin@,t 


z A Emo, inw,t 


c 
C. (t) = A. sin œt + WA, sin Opt sin ot 
C. (t) = A, sin œt + z = 








Frequency Spectrum : 


A. ao 


Amplitude pas 


(O= Om) 


Q.11.What does the term ‘Modulation’, used in 


communication system, mean ? 


Identify the two types of modulation shown here. 
Give two advantages of any one of these over e 


we] SATA 


Hauen 0 
signal =f 


(Modulated o q 


II UYUNI 


wave 1) 
os Í P= 


Ans. Modulation is a process in which one of the 
characteristics (amplitude, frequency, phase) of a 





Q. 1. (i) Distinguish between sinusoidal and pulse- 
shaped signals. 

(ii) Explain, showing graphically, how a sinusoidal 
carrier wave is superimposed on a modulating signal 
to obtain the resultant amplitude modulated (AM) 
wave. 

[O.D. Compt. I, II, II 2012; O.D. I, IL III 2014] 


Ans. (i) 


Sinusoidal signal Pulse signal 
(analog signal) (Digital signal) 


(a) It is a continuous | (a) These signals are those 


signal value, which at | which can only take discrete 


stepwise values such a 
signal is usually in form of 
pulses. 


any instant lies within the 
range, of a maximum and 
minimum value. 








HA. 
2 





y: Long Answer Type Questions 





[CBSE -SQP-2018] 


1⁄2 
1⁄2 


1⁄4 
a 





œ (in radians) 
[CBSE Marking Scheme, 2018] 


high frequency carrier wave is made to change in 
accordance with a low frequency message signal. 


Oca. + Omn) 


Modulated wave 1 : Frequency Modulation 1⁄2 
Modulated wave 2 : Amplitude Modulation 1⁄2 
Two advantages of FM over AM : 
(i) Lower noise, better power efficiency. 1⁄2 
(ii) Higher operating range 1⁄2 
(iii) Higher fidelity reception. 
[Alternatively, Two advantages of AM over FM 
(i) Simple circuits are required. 1⁄2 
(ii) Lower frequency space for transmission. 1⁄2 


Commonly Made Error 


e Few students couldn’t identify the “Frequency 


Modulation.” 
e Many students couldn’t write the advantages of FM 
over AM. 





(5 marks each) 


wave is a|(b) Each pulse have two 
analog | levels of current of voltage 
represented by 0 and 1. 


(b) Sine 
fundamental 


(c) It is represented as (c) It is represented graphi- 


Time cally as 
Pulse 
duration 


Pulse 


Eorl Amptitude 


Pulse Pulse Tim 
rise fall > 


2 


(ii) Amplitude Modulation When a wave is 
superimposed on a high frequency carrier wave in 
a manner that the frequency of modulated wave is 
same as that of the carrier wave, but its amplitude is 
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made proportional to the instantaneous amplitude 
of the audio frequency modulating voltage, the 
process is called amplitude modulation (AM). 
Let the instantaneous carrier voltage (e) and 
modulating voltage (e,,) be represented by 

e. = E. sin œt ...(i) 

e, = E,, sin o,,t ...() 1 
Thus, in amplitude modulation, amplitude A 
of modulated wave is made proportional to the 
instantaneous modulating voltage e,, 
A = E. + ke,, 
where, k is a constant of proportionality. 
In amplitude modulation, the proportionality constant 
kis made equal to unity. Therefore, maximum positive 
amplitude of AM wave is given by 

A =E, +e, = E, + E, sin oy, t 

...(iV) 

It is called top envelope. 


(iii) 


l.e., 


The maximum negative amplitude of AM wave is 
given by 
-A =-E,-e,, 
= — (E. + E,, sin o,,t) 


...(V) 
This is called bottom envelope. 1 


ec 


k —t 


(a) Carrier wave 





(b) Modulating Signal 
(Ec+Emsin omb top envelope 


aes" m me = = = oe = — ee eee eee 


-_- -n 
- - 





~e_ Ve 


—(Ec+Em sin ®mt) bottom envelope 
(c) Amplitude modulated wave 1 


Q. 2. (a) Describe briefly three factors which justify the 
need for modulation of audio frequency signals 
over long distances in communication. (b) Draw 
the waveforms of (i) carrier wave, (ii) a modulating 
signal and (iii) amplitude modulated wave. 

[CBSE Comptt- 2018] 


Ans. (a) Describing the three factor 3 
(b) Drawing the wave forms 2 


(a) It is necessary to modulate the audio frequency 
signals because of the following three reasons : 


Oswaal CBSE Question Bank Chapterwise & Topicwise Solved Papers, PHYSICS, Class — XII 


(i) Size of the antenna or aerial 1⁄2 
This size needs to be comparable to the wavelength 
of the signal. it would be unmanageably large for 
audio frequency signals. 1⁄2 

(ii) Effective power readiated 1⁄2 


l 
Power radiated, being proportional to j 


would be very small for a audio frequency signal. 
1⁄2 

(iii) Mixing up of different signals 1⁄2 

The audible frequency range is quite small. Hence 

if transformation is done at audio frequencies, the 

chances of mixing up of different signals are very 

high. y2 

(b) The required wave forms are as shown 

(i) Carrier wave 

(ii) Modulating Signal 

(iii) Amplitude Modulated wave 


o 


0 0.5 3 
m(t)o 
-1 

1 

0 
1 


0 0. 1 L 


[p= >q p< 


0 


Vim (t)for AM 


[CBSE Marking Scheme, 2018] 


Detailed Answer: 


(a) For a long distance Transmission of message signal 
we need modulation because of following reasons. 

(i) Low energy: The message signals when converted 
to e.m. waves, do not have the sufficient energy 
to travel up to long distance ,because of their 
low frequency. Hence these message signals are 
modulated with high frequency carrier signals 
before being send because carrier signals have high 
energy for long distance transmission. 

(ii) Size of Antenna: For the effective Transmission by 
an antenna ,the size of antenna should be at least 


of the size r, where À is the wavelength of signal 


to be send. Thus for an em wave of audio signal of 
frequency is 20 kHz, we need an antenna of size 
nearly 3.75 km, which is practically impossible. 
Hence, these low frequency signals first modulated 
to high frequency signals before transmission to get 
the proper size of antenna. 

(iii) Mixing of signals : When number of signals are 
transmitted simultaneously, all these signals will 
get mixed up and at the end we get mixed signal, 
which is very difficult to separate. Therefore to 
remove this limitation, transmission is done at 
high frequency and a band of frequency is allotted 
to each user at the end, as done for radio and TV 


channels. 
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Q. 3. (a) Give three reasons why modulation of a message signal is necessary for long distance transmission. 
(b) Show graphically an audio signal, a carrier wave and an amplitude modulated wave. [CBSE SQP-2018] 
Ans. 


ec 


b 


EEE 


(a) Carrier wave 





(b) Modulating Signal 


(Ec+Em sin oxt) top envelope 





eer "WS wp m s s u un u s s m eee eee ees. sa 


E. 1 
A Emax 
1 O Emin 


- = 
= s 


`a  — (Ec+Em sin oxt) Bottom envelope 
(c) Amplitude modulated wave 
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